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ABSTRACT 


The hydrolysis of p-nitrophenylphosphate (pNPP) and cysteamine- 
S-phosphate (CASP) by purified human liver, kidney, neutrophil, 
small-intestinal mucosa and placental alkaline phosphatase has been 
Studied. The affinity towards CASP was variable amongst the mul- 
tiple forms of human alkaline phosphatase with Se values ranging 
rromeo. OO tmMs tonl.00) mM. Tine K values for pNPP were more consis- 
tent and showed a range of 0.017 mM to 0.038 mM. The ratios of the 
rate of hydrolysis of pNPP to the rate of hydrolysis of CASP were 
Similar amongst the multiple forms of human alkaline phosphatase 
(1250159) With a mean value of 4)./7. 

The mean value of the ratios of the rate of hydrolysis of pNPP 
to the rate of hydrolysis of CASP for thirty-six normal sera was 
2.1 + 0.5. Twenty-five sera from patients with lymphoma, infectious 
mononucleosis, chronic or acute lymphatic leukemia, Of BUEKITGs 
lymphoma displayed a mean ratio of 2.0 + 0.4. The mean ratio for 
twenty-eight sera from patients with myeloma, acute myeloid leukemia, 
lung cancer, sarcomas or Hodgkin's disease was 2.3 + 0.5. The sera 
from nine patients with increased serum alkaline phosphatase levels 
due to pregnancy or other conditions had a mean ratio value of 1.8 + 
0.3. Therefore, no evidence was found of an unique alkaline phos- 
phatase which was incapable of cysteamine-S-phosphate hydrolysis 


and acted as a marker for lymphoproliferative disorders. 


=tu ark? sens 20 che sea 
sntyney aautay elle yee iarlesoric ami (ets ee 3 


cpl etek Sa abe Whey YEP ebTSY BAT sm 00. My hat in BR 
ed 10 20178" SAT He EGO 09 Hv LID. G ForannET ‘ithe 
ae S2Aa Yo vieyvieibyo *6 ate? af7.07\ Fg _ zizvigibye 


deavidneard, sa(iindie nsewit +6 a oot ia sed anion, lille a 
Ri i®-oufed neom ce (TIWNE.) =e 


15 Ya Havterbye io Sian ort Vo et ise7 Sir to sel ey rHsam sit 
2aw BIS? Fanon xoemeia it see A269 te 2! Sy houbyit Joeman ant of 
duotasatai ancien! giehe eins) obs Mas) wrSe ieyiaewt 80 4 = 
e‘stiawh 10 peimetue! oi taitqny! so0s8 se Zino _ 2) 208) uno 

' yo? olan ncan afT FD 0.5 Yo oti’ Reet » oavetqerb eornacharny # 
yelomdud! btalaym payee nolan “+ReTten or! syee 39 ls~yaneed: 
eyes ee «00S BLS ame Reese, 2!) Aornn no Samcethe \ eae enul 
have! meaterigentig snitette mirse corsotan! tie 2tesitee enit wot 
eft Yo sulay oltan Ae Bah eacit|ynos tetTo 1a vyonsegey 48 austy 
~20Hg ani tale eugin AE eo) brwe! aw sanbbivats ,siote edt | ia: 
sheiphovnyt stenttitonia-2-aniiios 4: io whedon! aw felt e@ey _ 


PINOR ID AelAw eh ieanseyeyl 101 sae Bee Wes aig 


aa 


4 


Granulocytes were isolated to 98% purity from whole blood of fifty 
healthy individuals. Aqueous solutions from butanol extracts of the 
isolated granulocytes revealed alkaline phosphatase levels of 9.5 mu/10/ 
granulocytes to 36.4 mu/10/ granulocytes with a mean value of 19.4 = 
6.9 mu/10/ granulocytes. Protein determinations correlated well with 
the number of granulocytes present. 

Inhibitor studies using L-phenylalanylglycylglycine, L-pheny1- 
alanine and L-homoarginine revealed a distinct pattern for each of 
the liver, intestinal and placental isoenzymes of human alkaline 
phosphatase. Crude extracts and purified enzyme from the same tissue 
sources showed similar patterns. Aqueous solutions from butanol 
extracts of human granulocytes displayed a pattern virtually .iden- 
tical to that of the liver alkaline phosphatase which is consistent 
with the proposal that it is the product of the same structural gene 
as the liver/kidney/bone group of human alkaline phosphatases. 

Therefore, all of the multiple forms of human alkaline phosphatase 
tested in this study were capable of the hydrolysis of cysteamine- 
S-phosphate although their affinities toward this substrate were 
variable. The sera from patients with lymphoproliferative disorders 
did not contain an unique form of alkaline phosphatase and acted in 
a similar manner as sera from healthy individuals. The alkaline 
phosphatase in human neutrophils showed a wide range of activity and 


was found to be the same gene product as the liver, kidney and bone 


forms of human alkaline phosphatase. 
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CHAPTER ONE 


Introduction to Human Leukocyte Alkaline Phosphatase 


MP rMsStory 

The first biochemical demonstration of phosphatase activity in 
neutrophils was reported by Kay in 1930. The enzyme was further 
characterized by Roche (1931) who discovered that the enzyme from 
rabbit, guinea pig and horse white blood cells had a pH optimum of 
SaG. 

The advent of a histochemical technique, developed in 1939 by 
two independent workers (Gomori and Takamatsu) resulted in a tf bugry 
of studies since it simplified the detection of alkaline phosphatase 
activity to such a large extent. Gomori's technique involved the 
hydrolysis of substrate (8-glycerophosphate) to form phosphate ions 
which reacted with calcium ions in the incubation mixture to form 
insoluble, microscopically invisible calcium phosphate. When these 
tissue sections were exposed to cobalt nitrate, cobalt phosphate 
was formed which reacted with ammonium sulphide to form black, in- 
soluble cobalt sulphide which was readily visible microscopically. 
The first detailed report of human neutrophil alkaline phosphatase 
activity in normal and pathological states using Gomori's technique 
was made by Wachstein in 1946. Unfortunately, phosphatase diffusion 
was a significant problem with this technique which resulted in 
prominent nuclear staining and made semiquantitative scoring of 
the intensity of the reaction product inaccurate. In addition, 


cytological details were poorly preserved. 
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A different approach which utilized an azo dye coupling method 
was Outlined by Kaplow (1955). Upon enzymatic hydrolysis of a-naphthyl 
phosphate, the liberated naphthol immediately coupled with the dia- 
zonium salt of 4-benzoy1-2:5-methoxyaniline (Fast Blue RR) to form 
an insoluble azo dye deposit. Mayer's aqueous hematoxylin was used 
as a nuclear counterstain. The enzyme activity seemed limited to 
the cytoplasm of mature neutrophils and occasionally to band neutro- 
phils. A scoring procedure was developed in which 100 consecutive 
mature neutrophils were rated from 0 to 4 on the basis of the inten- 
sity and appearance of the precipitated dye. The sum of the ratings 
was considered the score for a given blood smear. This technique 
soon became widely used as a routine hematological procedure and 
psu lel Ppoputa re ttoday: 

With the development of techniques which allowed leukocyte 
separation from whole blood in the early 1950's biochemical studies 
of isolated white blood cells were made possible. Since then numerous 
workers have used both cytochemical and biochemical assay methods 
to determine some of the properties of neutrophil alkaline phosphatase. 
Zam ropert les 

Alkaline phosphatase from neutrophils is capable of liberating 
inorganic phosphorus from a wide variety of substrates including 
nucleotides (Trubowitz et al, 1961) although not all substrates are 
hydrolyzed at similar rates. Trubowitz et al (1957) also showed 
that human leukocyte alkaline phosphatase is predominantly zinc 
dependent since EDTA clearly inhibited enzyme activity through 


chelation. Instability of neutrophil alkaline phosphatase to heat 
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has been reported by several authors (Tangheroni et al, 1971; Diamant 
et alge i970; eFindiayeand! Johnstomgll 977 saw sondetea | $e 9Gl)eand 
numerous reports have been made of the stability of neutrophi] 
alkaline phosphatase in the presence of L-phenylalanine (Tangheroni 
etrale iS?! ;arindhayvand Johnstone 977% Wilson et al, 1981). Re- 
ports concerning the heterogeneity of human neutrophil alkaline phos- 
phatase have been contradictory. Trubowitz et al (1957) studied 

the human enzyme and found evidence of two different forms, one of 
which required magnesium and the other zinc for maximal activation. 
Conversely a later study (Trubowitz et al, 1961) indicated that, 

on the basis of data from competitive inhibition experiments, a 
single enzyme was responsible for the enzymatic activity. Variable 
reports of two and three electrophoretic bands have further confused 
the issue (see McComb, Bowers and Posen, 1979 for review). Rosner 
and Lee (1972) observed that radioactive zinc migrated with a slower- 
moving form whereas radioactive magnesium migrated with a faster- 
moving form of the enzyme. Lyons et al (1968) reported the presence 
of three electrophoretic bands in granulocyte alkaline phosphatase 
from normal subjects. Moreover, not all subjects displayed all three 
bands and the pattern of any given individual was variable from one 
examination to the next. There is no readily apparent reason for 

the conflicting electrophoretic reports although as indicated by 
McComb, Bowers and Posen (1979) there is the possibility that the 
variable bands are due to incomplete separation of alkaline phos- 
phatase from the neutrophil membrane. 

3. Mechanism of hydrolysis 


A detailed description of the mechanism of hydrolysis by alkaline 
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phosphatase is available in McComb, Bowers and Posen (1979). 

Very briefly, there is now considerable evidence that alkaline 
phosphatase from E. coli and probably from mammalian tissue sources 
as well is a dimer consisting of two identical subunits with zinc 
forming an integral part of the molecule. 

The reaction sequence of alkaline phosphatase can be divided 
into four major steps. The initial step is the formation of a 
Michaelis complex which is converted to a covalently-bonded phos- 
phoryl-enzyme complex during cleavage of the alcohol. This complex 
is converted into an enzyme-phosphate-addition complex, followed by 
terminal dephosphorylation resulting in release of orthophosphate 
and regeneration of free enzyme. 

It is generally agreed that the formation of the Michaelis com- 
plex and the scission of the leaving group are not rate-limiting. 
The evidence is not sufficiently clear, however, to determine 
whether the formation or breakdown of the covalent complex or con- 
formational changes constitutes the rate-limiting step. 

4. Function 

The physiological role of alkaline phosphatases remains elusive. 
A connection with transport, possibly of phosphate, has been suggested 
based on its high levels in locations where tissues are concerned 
with active transport such as the adsorptive surfaces of the proximal 
convoluted tubules in the kidney, the small-intestinal mucosa, the 
Svitropnoglast O1etne placentarand che cell strrace O71 EF. coll’ 
(Posen, 1967). It has also been postulated (Fishman, 1974) that 
alkaline phosphatase may act with other membrane phosphohydrolases 


and transferases to regulate the dimensions of the membrane. 
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It is widely accepted that alkaline phosphatase is capable of 
catalyzing the transfer of the phosphoryl] group from phosphomono- 
esters to hydroxyl=containing acceptor molecules in addition to its 
much more widely-studied phosphohydrolase activity. The phospho- 
transferase activity has not undergone much investigation due to 
the lack of discovery of acceptor molecules with high affinity for 
the enzyme. This certainly does not however, rule out the fact 
that the phosphotransferase activity may be important physiologically 
for the synthesis of phosphomonoesters. It is also possible that 
alkaline phosphatase may play some kind of a requlatory role since 
phosphoprotein phosphatase activity has been demonstrated by pla- 
cental alkaline phosphatase (Huang et al, 1976) and it has been 
suggested that protein phosphorylation and dephosphorylation is 
important in connection with metabolic regulation (Rubin and Rosen, 
1975) 

There have also been suggestions that the role of alkaline 
phosphatase is related to maintenance of cell shape. Fiskin et 
al (1980) reported a transient expression of alkaline phosphatase 
over the surface of HeLa cells which was associated with formation 
of cell extensions. Although erythrocytes do not contain alkaline 
phosphatase, a recent report by Lovlin et al (1980) indicated that 
changes in red cell volume were related to plasma alkaline phos- 
phatase activity. These authors stated that phosphorylation of 
membrane proteins, particularly the spectrin-actin complex, appears 
critical for maintenance of the structural integrity of the red 
blood cell and suggested that plasma alkaline phosphatase may play 


a role in this respect. Perhaps in a similar fashion neutrophi | 
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alkaline phosphatase is related to the maintenance or changing of 
cell shape in view of the fact that neutrophils are o mobile, 
deformable cells which are phagocytic. 

A study by Schwender (1981) proposed that antigen-antibody in- 
duced calcium uptake into cells could involve alkaline phosphatase 
in the biochemical mechanism leading to the release of allergic 
mediators, since a close relationship between alkaline phosphatase 
and calcium transport had been previously reported (Limas and Cohn, 
W973; Russell et al, 1972). Allergic mediator release inhibitors 
such as cromolyn sodium inhibited alkaline phosphatase which sug- 
gested its involvement in antigen-antibody-induced allergic responses. 
The formation of a phosphoprotein during inhibition of mediator se- 


cretion has also been observed, and may be due to the inhibition of 


alkaline phosphatase. It has been thought that alkaline phosphatase 
in leukocytes played a role in bactericidal killing (see De Chatelet 
et al, 1979) but this has been challenged by the description of an 


apparently healthy individual with markedly abnormal leukocyte alk- 
aline phosphatase levels and normal bactericidal activity of his 
cells (De Chatelet et al, 1979). In addition, L-p-bromolevamisole 
markedly inhibited alkaline phosphatase of normal leukocytes but 
haa mo ertect on tne ability of intact cells to Kid] bacteria. 
Considerable efforts are being directed toward the elucidation of 
the physiological role of human alkaline phosphatase. 
5. intracellular location 

Alkaline phosphatase activity within neutrophils appears to be 
located within the cytoplasm when an azo dye-coupled cytochemical 


technique is employed (Kaplow, 1968). Cytochemical methods used 
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with electron microscopy showed that alkaline phosphatase activity 
appeared first during the myelocyte stage and was connected with 
immature specific granules (Bainton et al, 1971). Conversely, 
using a similar technique, Borgers et al (1978) reported that 
specific granules were not reactive and that alkaline phosphatase 
activity was confined to the external part of the plasma membrane. 
Subcellular fractionation studies of human neutrophils (West et 

al, 1974; Bretz and Baggiolini, 1974; Spitznagel et al, 1975) re- 
vealed that the enzyme was localized to a fraction containing a 
heterogeneous collection of membranes derived from plasma membranes, 
mitochondrial outer membranes, the Golgi and the endoplasmic retic- 
ulum. In 1979, Rustin et al further resolved this heterogeneous 
fraction and, complemented by electron microscopy experiments, 
localized alkaline phosphatase to a unique organelle in human 
neutrophils. They have confirmed these findings in later studies 
and have now termed the unique organelles phosphasomes (Rustin and 
Peters, 1979; Wilson et al, 1981). A study by De Pierre and Kar- 
novsky (1974) of guinea pig neutrophils demonstrated that alkaline 
phosphatase was an ectoenzyme since pNPP was hydrolyzed by intact 
cells. However since there was twice as much enzyme activity after 
disruption of the cells the presence of enzyme in granules could 
not be entirely ruled out. It is possible that alkaline phosphatase 
is present on the membrane of neutrophils as an ectoenzyme and that 
phosphasomes are the result of invagination and pinching off of 

the plasma membrane to form vesicles. 

6ebalevelSarelatingetorcel lumaturity 


There is controversy within the literature as to what relation- 
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ship the level of alkaline phosphatase within neutrophils has to 
thésage *et ‘the scellis. sirubowlitzcettal (1959) foundsthat when 
measured both biochemically and histochemically the level of 

alkaline phosphatase in bone marrow granulocytes was approximately 
50% lower than that of the cells in peripheral blood. They suggested 
that young cells fresh from the daeon have lower levels of alkaline 
phosphatase -and synthesize additional enzyme during their life span 
in the peripheral blood. On the basis of electron microscopy studies 
insconjunction with cytochemical stains; Bainton et ale(1971) re- 
ported that alkaline phosphatase activity first appeared during the 
myelocyte stage and was associated with specific granules. Whereas 
the number of azurophilic granules per cell was reduced by mitosis 
during the myelocyte stage, specific granules were formed contin- 
ually throughout this stage and progressively accumulated. Fehr and 
Grossman (1979) investigated the alkaline phosphatase activity of 

the circulating and marginated pool of intravascular neutrophils 
using both cytochemical and biochemical assay methods. Upon admin- 
istration of epinephrine, which caused temporary demargination, an 
increase in activity was seen. Conversely hydrocortisone, which is 
known to cause granulocyte mobilization from the bone marrow reserve, 
caused a decrease in the level of enzyme activity. They concluded 
that functionally or chronologically older neutrophils have higher 
alkaline phosphatase activity and that transfer from the circulating 
to marginated pool is a selective rather than random process. In 

an investigation by Bondue et al (1980) myeloid precursors were 
labelled in vivo with tritiated thymidine and allowed to mature into 


marrow neutrophils. An injection of cortisol caused premature marrow 


Fo Teyst. oft vitestateeorettle 16: Dial ins 
yivigehiornge gav 257ys0lunaiy OT TSR, nod a) séolenqeoty 
‘boordstesaraiyea 9) cigs da2 Hb Peres weed “eile 


berrspive vert 
Sean a WOR agar eh Tos: ] 


entledta to 2lavel vewelveven 
ihe st zotraye hte Stare 
Shain Apdo Ss Ye ziess > B no sbab hs bt 98d ees 


-=5 AVRer) le ifs foesiiad ever [as iearneiny>, « nelyoryie 


ana sat? Nisha pahyot Soy s/s jerk 


seibute yoOS 


sent Rote amped pilot anliavle Teer 


sH® saith ts esqqs 
iw bavaloosam 26h UP& Sbose say sete aia 


shajai) ,eatwadie steeds v! 


-, 


jan tis> 784 23) 9AeTe_2! tone to seas 


a! tiaetse ,onnte 2 Fat) | rT pvit gniseb 


tenes osinney) Siew es tune =) ‘a 


eiaatin va DSsoUbe) 


wak-aisa, ° badalumuisae 4l ae) eeeryatg Wis Sun. Hits) tudes? wth 


meote ori edie eoxetadent seat (EROEe une» 


cat d 
Io VaVeISe Sstes6y 


» ..909'° Bs ae “ae tie vAitelwonta® oft 
- 


th> shsooys steal enie 


-~simbe fog .2hodvam whece fas imodpold bee Ver 


AS thw, arin penies 1 acl serge 


zt inenatven —~eiuseevn D4 


ne 2AOlieninvensh Yrs 1I9%S! SF. E> 
7 
zl Asie {stioe 219a07byM yoo aynod = figs ERM grivigas ul # 3 


/BvIeeeT WO Tein eho ahs. m3), Weeden!) Liao s1yo0lunst® Seve Gh) 


ishulanom Yortt . tiviIS& Severs 0 (ave. sly i, g458730h 8 Re 


bit svar 2) j/MacwIusT 4ablo +)ina golberrals 20 (i tana ttn 9 


& 


ge sag auert ig WHET? (ist hop. y thy ree Sena mitieoetey " 
enc dl lai @ fl md yraate 
a saan a ctaoahenie 


release which revealed that labelled cells had approximately 50% 
less alkaline phosphatase than unlabelled cells when measured cyto- 
chemically. These authors concluded that neutrophil alkaline phos- 
phatase levels increased with cellular age. 

An opposing viewpoint was presented by Spiers et al (1975). 
Using a cytochemical method of assay they found that, upon removal 
of the spleen, the level of neutrophil alkaline phosphatase rose. 
Their explanation of this phenomenon was that young cells, normally 
sequestered in the spleen, were being released into the circulation. 
In other words newly-formed cells had high levels of alkaline phos- 
phatase activity which decreased as the cell matured. However Kaplow 
(1976) suggested that the increase in leven witnessed by Spiers et 
al was simply a response to the surgical trauma of splenectomy. On 
the other hand, a report by Dallegri et al (1979) supported the hy- 
pothesis of Spiers et al (1975) since they found that newly-formed 
neutrophils of chronic myelogenous leukemia grown in liquid culture 
were normal as far as neutrophil alkaline phosphatase activity was 
concerned using Kaplow's cytochemical method. They suggest that 
the low levels of neutrophil alkaline phosphatase usually seen in 
chronic myeloid leukemia are due to accumulation of aged alkaline 
phosphatase-negative neutrophils. Mishler and Williams (1980) 
compared peripheral blood levels of neutrophil alkaline phosphatase 
in healthy volunteers before and after a challenge of aetiocholanolone 
or prednisolone, both of which are known to release neutrophils 
from the bone marrow reserve. They found an increase in alkaline 
phosphatase levels concommitant with an increase in the number of 


immature neutrophils and concluded that alkaline phosphatase levels 
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in neutrophils decrease with increasing age. 

A similar situation was found in rats by Williams in 1975 who 
reported a highly significant negative correlation between the age 
and the alkaline phosphatase levels of the neutrophils. In addition, 
levels of alkaline phosphatase rose in the circulating neutrophils 
of rats under conditions where a cell population younger than normal 
was present (Williams and Johnson, 1976). In 19788 Wil tamsteutal 
found higher levels in bone marrow neutrophils than in circulating 
mMeutrophi lStin rats. 

It is evident from these conflicting reports that further in- 
vestigation is required to establish what the relationship is, if 


any, between cellular levels of alkaline phosphatase and the .age 


onether ce lilt. 
7. Neutrophil alkaline phosphatase levels in the normal population 


The ontogeny of human neutrophil alkaline phosphatase was invest- 
igated by Kelemen et al (1978) using the cytochemical method of Hayhoe 
and Quaglino (1958). They reported that embryonic neutrophils in 
the liver and early bone marrow neutrophils were negative for alka- 
line phosphatase activity during the first trimester of pregnancy. 
Occasional cells with a strong neutrophil alkaline phosphatase re- 
action appeared during the second trimester and activity increased 
gredtly inetheethirditrimesterveTérmebabiesehadcohightlyehigher 
than normal neutrophil alkaline phosphatase activity in their cir- 
culating cells. 0O'Kell (1968) used maniowts (1955) cytochemical 
method and reported elevated levels in the infant at birth, a slow 
decline during the first five days of life, and a rapid fall from 


the fifth to tenth day of life with normal childhood levels being 
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reached by the fifteenth day. This pattern of alkaline phosphatase 
levels was similar to that of estrogens and progesterone. Sadovsky 
et al (1975) used the same cytochemical method and noted a SoCs i 
cant decrease in the neutrophil alkaline phosphatase activity of 
newborns on the fourth day after delivery. 

Using a biochemical assay method Rosner and Lee (1968) showed 
that children have higher levels of neutrophil alkaline phosphatase 
than adults do and that levels gradually decrease towards puberty. 
No differences were apparent between the sexes in children, but sig- 
nificant differences were found between men and women. Women dis- 
played average levels which were 50% higher than those of men, although 
after menopause the values for women approached the values for men 
(Rosner and Lee, 1968). 

A sudden cytochemically-detected increase in neutrophil alkaline 
phosphatase levels in the middle of the menstrual cycle was noted 
by Gordon and Hunter (1965). This finding was confirmed by Diamant 
and Polishuk who in 1979 reported that ovulation occurred when neu- 
trophil alkaline phosphatase levels had reached a value five times 
that of the basal level when detected cytochemically. They claimed 
that estrogen caused an increase in level which was later counter- 
acted by progesterone. A biochemical study of the enzyme by Crook 
et al (1980) detected diurnal variation of neutrophil alkaline 
phosphatase activity in three normal males. 

Other hormonal effects on neutrophil alkaline phosphatase have 
been detected biochemically. Elevation of levels occurred in re- 
sponse to ACTH and adrenal steroids (Valentine et al, 1957). 


Rosner and Lee (1965) demonstrated that androgenic hormones inhibited 
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the enzyme. They also suggested that growth hormone may have a 
possible stimulating role since the very high levels of enzyme 
found in young children gradually decrease with the approach of 
puberty. 

Thus, with so many factors affecting the levels of neutrophi| 
alkaline phosphatase normally present and so many differences in 
methods of detection and expression of results, it is virtually 
impossible to quote a universally-accepted biochemically or cyto- 
chemically-detected reference range. Perhaps the best summation 
of the situation is to say that the observations made by Hayhoe and 
Quaglino back in 1958 still hold true today: there is a large 
normal range of neutrophil alkaline phosphatase activity with no 
clear relationship between the level of positivity and the leuko- 
cyte count. However, once one has established which method of de- 
tection is to be used and what the reference range is for that 
method, the test has several useful clinical applications. This 


aspect is discussed in a later section of this chapter. 


8. Medical conditions associated with abnormal levels of 
neutrophil alkaline phosphatase 


Although Valentine et al (1954) mentioned that neutrophil alka- 
line phosphatase was increased in four gravid women, Pritchard (1957) 
is generally given credit for the discovery of significantly increased 
neutrophil alkaline phosphatase levels during pregnancy. Using a 
cytochemical assay he found that an increase usually appeared dur- 
ing the first trimester, with levels reaching a plateau during the 
second trimester and rising abruptly during labour and the early 


post-partum period. This was confirmed by Quigley et al (1960) who, 
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using Kaplow's method, also noted that high levels were maintained 
throughout the first post-partum week but decreased back to normal 
during the next six weeks. The mechanism for this increase during 
pregnancy is not known although it has been suggested that it is 
related to the increased production of corticosteroids during normal 
pregnancy (Pritchard, 1957). It has also been shown that this 
increase in the level of neutrophil alkaline phosphatase is inde- 
pendent of the placental form of alkaline phosphatase which appears 
in the serum during pregnancy (Diamant et al, 1970; Findlay and 
Johnston, 1977). 

It is also well documented that levels of neutrophil alkaline 
phosphatase are increased in cases of pyogenic infection (Wachstein, 
1946; Valentine and Beck, 1951; Wiltshaw and Moloney, 1955) although 
the reason for the increase remains obscure. As mentioned earlier, 
although it was at one time thought that alkaline phosphatase was 
involved with bactericidal activity, this view has been challenged 
by De Chatelet et al (1979). Contrary to the case of adults, Donato 
et al (1979) found low neutrophil alkaline phosphatase activity in 
all infected newborn infants. 

Many hematological disorders have been associated with changes 
in leukocyte alkaline phosphatase levels. Increased levels have been 
reported to occur in polycythemia rubra vera and myelofibrosis with 
myeloid metaplasia (Mitus and Kiossoglou, 1968 and references there- 
in) and in Down's Syndrome (see Tangheroni et al, 1971). Further- 
more, the increase in activity jn these cases is not, related to 
qualitative changes in’ the enzyme (Rosenblum and Petzold, 1973; 


Tangheroni et al, 1971). Decreased levels have been reported in 
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pernicious and aplastic anemia (Rosner and Lee, 1965), a case of 
monocytic leukemia (Garg and Silber, 1972), a case of hairy cell 
leukemia (Zeya et al, 1979) and in classic haemophilia and Von 
Willebrand's disease (Jankovic, 1979). Grozdea et al (1980) disputed 
Jankovic's results and found that age affected the neutrophil alka- 
line phosphatase score and that some haemophiliacs with no treat- 
ment had high scores. An early-discovered (Wachstein, 1946) and 
intensely-studied decrease in neutrophil alkaline phosphatase is also 
found in chronic myeloid leukemia. It has now been established that 
in this condition there is not an abnormal form of the enzyme present 
but rather a decrease in the level of the normal enzyme protein 
(Rustinsand Peters, 19792 Wilson et ahr l98N i. gilethas: alsoebeen 
shown in two independent reports that an extrinsic factor controls 
neutrophil alkaline phosphatase synthesis in chronic myeloid leukemia 
since cells from patients with this condition and low alkaline phos- 
phatase activity developed an increase in activity when injected 
into individuals who were not suffering from this condition (Schiffer 
et al, 1979; Rustin et al, 1980). Hellman and Goldman (1980) also 
supported this concept of external modulating influences on neutro- 
phil alkaline phosphatase since they found cultured chronic myeloid 
leukemia neutrophils had high levels of alkaline phosphatase activity. 
9. Clinical applications 

By far the most widely used clinical application of neutrophi | 
alkaline phosphatase levels is as an aid in differentiating be- 
tween leukemoid reactions and chronic myeloid leukemia since in 
these two conditions the peripheral blood picture is similar. Usually 


a cytochemical stain is employed which reveals elevated alkaline phos- 


tee 


roeoce 


7 - ) 


beaweib toner te 1p vain aver: a ) 
-sfe | idgay aver’ att bejostie 256 arty § a sn 
=~eat? Od (thw ase) linganser! ance sic ‘bits svone 82 


bre. (SBS re | eee cr crea 


oelm et 92 re ssnqeony ‘pie pdle Titgotvar ai spencer 


‘etnatéal Lid? foun. err 4 
n& Yon 2\. ated ool pied dene “A 
eitevo7g anyrng fEnmen erty Wx [Svat avy nt aies73at io 1stey , th 
nest o2)6 ser) | (thet ta ae noed rw POte | evetet bie eA . 
Stayton: 9dIzel. aTentrixs Wefan einoger INH! iagabe’ Gee At aan 

z 
elpeddel binleyn sinoano al eleatiny® aeeiane A> ottk) ahi sabe Jaan 


wot Ghent. eno singe ari aynsige4 mow eos 7 7 


sort bbre li dasee esd won bhi 41 


snaesicqvonyses gra to e151 'ferrionds 


roo 


«20g antianls | 
yeJosial narw ylividse ne 9269121 ‘As Ago taves qniviiae: 
ast2ine?) nolsibaos 2ie) mort eal Ch Waetor Sel one sheublv inet o@mt 
bole 46801) Hemblod Gre nse toh «(ORE te to witout ete! te ae 
4 {dan no weoneultal pnisetubor (snvotke 7o°TqsaKte Co betrogque 
bintaye offerte betos hus bnvet Vai sudie sestoenqeang onticlty cide 


Hivimse seb ishqioAg ani teas 70 zhao! fein Bee sl idgetesn aie 


hia nses + sSioad fans igpiaile bsay ee deem sd? vak 
a) Oaldsisnersy7 |b ai ibis ne 26 2b. zisvel srédertqeong one 
Mamie: eimoyal Wiel oym. o Cra. brik gnoheseot tA bioneriget nstws 
ital. saotinte +i Silzeta-bootd  feradylnagysty 200) 23biiom owt, 


soda, ts Uneints etnovoy Aatite bolitpns = shat 


15 


phatase levels in a leukemoid reaction or substantially reduced 
levels in chronic myeloid leukemia. 

More recently Diamant and Polishuk (1979) have advocated the use 
of the leukocyte alkaline phosphatase cytochemical stain to indicate 
ovulation. They reported successful conception in six women who were 
artificially inseminated on the day when the leukocyte alkaline phos- 
phatase relative score reached a value of five times the basal level. 

Grozdea et al (1981) reported that levels of granulocyte alka- 
line phosphatase in blood smears which were stable to heat (65°C for 
10 min) rose during the first trimester of a normal pregnancy. By 
contrast, spontaneous abortion during the first trimester was accom- 
panied by a drop in the level of thermostable alkaline phosphatase. 
They recommended that this technique be used to monitor women with 
a history of repeated spontaneous abortions since a rising level of 
thermostable alkaline phosphatase seemed to indicate a favourably 
progressing pregnancy whereas a drop in activity seemed to indicate 
an approaching miscarriage. 

Donato et al (1979) indicated that low leukocyte alkaline phos- 
phatase activity in newborns may be helpful in the diagnosis of neo- 
natal bacterial infections. Studying an adult population Mackie et 
al (1979) concluded that although mean leukocyte alkaline phosphatase 
levels were significantly elevated over normal in cases of systemic 
and localized infection there was considerable overlap of individual 
scores in each patient group which severely limited the usefulness 
of the technique for the diagnosis of infection in any individual. 

Harper and Quigley (1961) suggested the use of a cytochemical 


leukocyte phosphatase stain for simple and rapid detection of preg- 
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nancy.; They reported positive results very, early after fertilization 
and claimed that the accuracy was comparable to commonly employed 
pregnancy tests based on chorionic gonadotrophin. This usage never 
became popular, presumably because of the non-specificity of the 
(PS IC 
10. Alkaline phosphatase activity in leukocytes other than 

neutrophils 

Many studies using cytochemical methods have reported that 
lymphocytes displayed no alkaline phosphatase activity (Kaplow, 1968; 
Timperley and Ahmed, 1970; Nanba et al, 1977) and low levels of 
activity detected biochemically in lymphocyte suspensions were 
attributed to contamination by neutrophils (Tittobello and Agostoni, 
1967). In 1969, Kaplow reported the cytochemical detection of weak 
to moderate alkaline phosphatase activity in a small percentage (0 - 
1.5%) of normal peripheral blood lymphocytes. No significant differ- 
ences were found between adults and children, males and females, 
or healthy and hospitalized individuals. A study by Ruuskanen et 
al (1975) investigated alkaline phosphatase activity ultracyto- 
chemically in guinea pig thymocytes. They reported alkaline phos- 
phatase activity was a feature of immature T cells, and maturation 
was associated with a loss in enzyme content so that alkaline phos- 
phatase, activity was not seen in circulating 7. cells. Using, a bio- 
chemical assay, Kramers et al (1978) detected measurable activity in 
normal peripheral blood lymphocytes but their granulocyte contami - 
nationwranged, trom, | to; 102. They alsosdetected) higher level) soiin 
cord blood which contains many non-T and non-B lymphocytes but few 


T lymphocytes. A later study (Foa et al, 1979) fractionated normal 
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human lymphocytes and found most alkaline phosphatase activity 
associated with the fraction which had low numbers of T lymphocytes 
and high numbers of non-T, non-B lymphocytes. Perhaps low levels 
of alkaline phosphatase are normally associated only with non-T, 
non-B lymphocytes and since these cells constitute only a small 
proportion of the normal circulating lymphocyte population the 
negative results obtained with most cytochemical methods of assay 
are readily explained. Increased levels of alkaline phosphatase 
in lymphocytes have been detected in certain lymphatic neoplasms. 
This point will be elaborated upon in the following section. 

The granules of eosinophils from several species have been 
shown to contain alkaline phosphatase. However, studies of human 
eosinophils have been few due to the difficulty of obtaining ade- 
quate cell numbers and purity. Cao et al (1973) reported that 
the chemical and physical properties of eosinophil alkaline phos- 
phatase were similar to those of neutrophils but their cell popu- 
lation of eosinophils was described as ''rather pure''. West et al 
(1975) isolated the granules from eosinophils of patients who ex- 
hibited eosinophilia and reported they totally lacked alkaline 
phosphatase activity. Williams et al (1978) demonstrated that al- 
kaline phosphatase activity was present on the external membrane of 
Fat eosimopntls, atta not in the cells distinctive ed ‘granules: 
Perhaps alkaline phosphatase, if present at all, in human eosino- 
phils is located on the plasma membrane. This would explain the 
findings of West et al (1975). In any event, alkaline phosphatase 
acrivrcy due to <cosinophils ts relatively insigmiticant im the nor 
mal human leukocyte population because eosinophils constitute such 


a minor proportion of the white cells present. 
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11. Alkaline phosphatase in malignancies 

The ability of tumour cells to produce certain types of alka- 
line phosphatase which subsequently appear in the serum is now widely 
appreciated. Several examples of this phenomenon are reviewed by 
Fishman (1974). Perhaps the most widely known example is the ''Reaan 
isoenzyme'' which has properties similar to the placental isoenzyme 
of alkaline phosphatase. It has been suggested that synthesis of 
placental-like alkaline phosphatase by malianant cells is the result 
of derepression of the structural gene locus which is responsible for 
the production of the placental enzyme (Fishman et al, 1968). 

There have been several reports of increased levels of alkaline 
phosphatase in neoplastic lymphoid cells in mice (Metcalf et.al, 
1962; Lumb and Doel], 1970; Neumann et al, 1970; Haran-Ghera et 
aula 

A similar situation has been reported in humans by Neumann et 
al (1976) who claimed that an alkaline phosphatase with unique 
catalytic properties was present in human lymphoblastoid cell lines 
and leukemic cells. A later report (Neumann et al, 1979) claimed 
that this enzyme was also found in the sera of patients with lympho- 
proliferative disorders. The existence of a marker enzyme for these 
conditions would be extremely useful diagnostically in order to 
establish whether cells have. a lymphoid-or myeloid origin. It 
would also have therapeutic value since it could be used to follow 
the course of treatment. Nanbe et al (1977) identified alkaline 
phosphatase activity only with a restricted class of B-cell lymphomas 
whereas Poppema et al (1981) reported alkaline phosphatase in both 


normal and neoplastic lymphocytes of B-cell lineage. 
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It has not been clearly established whether the alkaline phos- 
phatase of normal lymphocytes and that present in lymphomas are the 
same form of the enzyme although Damle et al (1979) reported that 
the alkaline phosphatase which they detected in hemopoietic tumours 
was a ''heat-labile Regan type of alkaline phosphatase". 

It is evident from this discussion that further investigation is 
also required in order to elucidate the presence and properties of 
alkaline phosphatase in lymphoproliferative disorders. 

There have been suggestions that alkaline phosphatase activity 
in neutrophils is increased over normal in cancer patients (Walach 
et al, 1981) and further increased in patients who have metastatic 
spread. Ho et al (1979) also studied neutrophil alkaline phosphatase 
in patients with malignancies but found an increase over normal only 
in Hodgkin's disease. However, Levine et al (1966) and Lokich (1977) 
reported decreased levels in malignant disease. Once again, further 
investigation must be awaited to clarify the issue. 

12. Purposes of this investigation 

The purposes of this investigation were basically two-fold. 
Initial efforts were directed towards study of the hydrolysis of 
cysteamine-S-phosphate by multiple forms of human alkaline phos- 
phatase. Once it was established that human forms of alkaline 
phosphatase were capable of this type of hydrolysis, a study of 
sera from patients with lymphoproliferative disorders was under- 
taken in an attempt to establish the presence of a unique marker 
alkaline phosphatase in these types of disorder. Later efforts 
involved the isolation and biochemical quantification of granulocyte 


alkaline phosphatase in a normal population. Further studies were 
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carried out to establish whether the enzyme in granulocytes 
new type or is one of the three established gene products of 


alkaline phosphatase. 
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CHAPTER TWO 
Materials and General Methods 
JN SVAN EIRENE 


Unless stated otherwise, chemicals were purchased from Fisher 
= Scientific Co. (Fairiawn, N.J.) and biochemicals from Sigma Chemical 
Co. (St. Louis, Mo.). All compounds were aenerally of the highest 
purity available. 

The compound 2-bromoethylammonium bromide was purchased from 
Eastman Kodak Co. (Rochester, N.Y.). Sodium thiophosphate was a 
product of Alfa Division, Ventron Corp. (Danvers, Ma.). 

Cysteamine-S-phosphate (CASP) was synthesized according to the 
method of Akerfeldt (1959). The purity of CASP was tested by thin 
layer chromatography on precoated silica gel TLC sheets produced by 
E. Merck Ag. (Darmstadt, Germany). 

A working solution of 5,5'-dithiobis(2-nitrobenzoic acid) was 
prepared by addition of the acid to a solution of 25°mM TES, oH 7.5, 
followed by very slow addition of NaOH by means of an automated 
syringe. This procedure enabled the DTNB to go into solution without 
extensive hydrolysis occurring. 

Sodium dodecyl] sulphate was a product of Bio-Rad Laboratories 
(Richmond, Ca.). Zap-oglobin and Isoton were purchased from Coulter 
Electronics of Canada Ltd. (Oakville, Ontario). 

Purified alkaline phosphatase from bovine intestine was a product 


of Sigma Chemical Co. (St. Louis, Mo.). Human alkaline phosphatases 
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obtained from liver, kidney, small-intestinal mucosa and neutrophils 
were purified by the method of Seargeant and Stinson (1979a) with 
minor modifications. Partially purified alkaline phosphatase from 
human placenta (19 umol/min/mg) was obtained from Calbiochem-Behring 
Corp. (La Jolla, Ca.) and further purified (Seargeant and Stinson, 
1979a). All enzyme preparations were stored at 4°C in 10 m™ kS ANG |, 
pH 7.6, which contained 1.0 mM MgC1., and 0.1] mM ZnCl. 

Fresh whole blood units were supplied by the Red Cross Blood 
Transfusion Service (Edmonton). Heparinized Vacutainer tubes were 
purchased from Becton Dickson Canada (Mississauga, Ont.). White 
cell isolation and separation included the use of Dextran T500 pur- 
chased from Pharmacia Fine Chemicals (Uppsala, Sweden) and Lympho- 
prep, a product of Nyegaard and Co. (0slo, Norway). Serum samples 
were obtained from the University of Alberta Hospital and the W.W. 
Cross Cancer Institute of Edmonton, Alberta and were stored frozen 
at -20°C until assayed. 

All water used was deionized and double distilled; glass distil- 


lation constituted the final step. The pH of all buffers was ad- 


justed with HCl] or NaOH solutions. 
B. GENERAL METHODS 


1. Determination of the purity of cysteamine-S-phosphate 

Thin layer chromatography on precoated silica gel TLC plates was 
performed to test the purity of CASP. A solvent system which consist- 
ed of ethanol :pyridine:H,0 (10:58), followed bysa, sprayrof 1% (w/v) 
CuC1.:50% (v/v) ethanol:5% (v/v) NH. was used as described by Dulis 


2 
and Wilson (1978). A single black spot indicative of CASP was the 
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result: 
2. Alkaline phosphatase assays using p-nitrophenylphosphate as 
substrate 
Assays were generally performed as described by Bowers and McComb 
(1966) at 30°C in either a Beckman Acta CII! or Cary Model 16 spectro- 
photometer which was equipped with a temperature-controlled cuvette 
holder and scale expansion. After a 10 min incubation of enzyme in 
0.78 M AMP buffer, pH 9.0, which contained 1.5 mM MgCl. the reaction 
was initiated by addition of substrate, producing an assay medium of 
10.0 mM pNPP. The rate of product formation was monitored continuously 
at 404 nm and linear reaction-rate curves were obtained. Enzymic 
activity was calculated from these curves based on a molar extinc- 
tion coefficient of 18,700 (1 cm lightpath) for p-nitrophenol 
(Bowers and McComb, 1966). One unit of enzymic activity corresponds 
to one umole of substrate hydrolyzed per min. 
3. Alkaline phosphatase assays using cysteamine-S-phosphate as 
substrate 
Assays were generally performed as outlined by Neumann et al (1979) 
in which cysteamine released through hydrolysis of CASP by the enzyme, 
rs tallowed to* react with a sulfhydryl."reagent, “DINB, “to produce 5- 
thio-2-nitrobenzoic acid (Ellman, 1959). All measurements were per- 
formed at pH 9.0 by necessity, due to the overwhelming spontaneous 
hydrolysis of DTNB at a more alkaline pH. After a 10 min incubation 
of thetenzyme “im 0278°M AMP buffer, pHe9.0, °whtch contained 1)5omM 


MgCl. at 30°C, the reaction was initiated by addition of the substrate, 


CASP, followed by the immediate addition of DTNB. This resulted in 


an assay medium composed of 5.0 mM CASP and 0.4 mM DTNB. The rate of 
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product formation was monitored continuously at 412 nm by either a 
Beckman Acta CII! or Cary Model 16 spectrophotometer equipped with 
a temperature-controlled cuvette holder and scale expansion. Due 
to=the “spontaneous hydrolysis of both GASP and DINB, asi well as the 
nonspecific reaction of DTNB with sulfhydryl groups of proteins, 
it was necessary to determine the rate of increase in absorbance 
of the following three blanks: 

a) DTNB in AMP buffer 

b) DTNB and CASP in AMP buffer 

c) DTNB and sample in AMP buffer 
In all cases linear reaction-rate curves were obtained at 412 nm. 
The increase in absorbance due solely to CASP hydrolysis by the 
alkaline phosphatase in the sample was then obtained by subtracting 
the amount due to the spontaneous hydrolysis of CASP (Ab-Aa) as well 
as the amount due to the nonspecific reaction with serum proteins 
and spontaneous hydrolysis of DTNB (Ac) from the total amount ob- 
tained from the test system of DTNB, CASP and sample in AMP buffer. 
An example of the type of tracings obtained appears in Chapter Four, 
Figure 4. Enzymic activity was calculated on the basis of a molar 
extinction coefficient (1 cm lightpath) for 5-thio-2-nitrobenzoic 
acid of 13,600 (Ellman, 1958). One unit of enzymic activity is 
equal to the hydrolysis of one pmole of substrate per min. 
4. Leukocyte isolation and separation 

When whole blood units were obtained from the Red Cross Blood 

Transfusion Service, the majority of red blood cells were removed by 
sedimentation for 2 hr at 4°C in the presence of 6% (w/v) Dextran in 


0.9% (w/v) NaCl. The leukocyte-rich plasma was concentrated further 
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by centrifugation. A hand-operated tissue grinder was used to break 
up any cell clumps and form a smooth suspension which was then layered 
onto Lymphoprep and centrifuged at 800 x g for 20 min. The resulting 
granulocytic and mononuclear cell layers were removed and resuspended 
im bOCO mM TRIS/HC], pH 7.6, which contained 1.0 mM MaCl. and 0.1 mM 


Z 
ZG lees 


2 

Alternatively, 10 mL of whole blood was drawn from a Red Cross 
whole blood unit into a heparinized Vacutainer tube. After Dextran 
sedimentation at 4°C, the leukocyte-rich plasma was layered directly 
onto Lymphoprep, and treated as outlined above. 
5. Butanol extraction procedure for leukocyte suspensions 

Leukocyte suspensions were mixed on ice or at 4°C for 30 min. 
Triton X-100 was then added to a concentration of 1% (v/v), and mixing 
continued for a further 30 min. A volume of 1l-butanol which had been 
cooled to -20°C, equal to three quarters of the cell suspension volume 
was then added slowly at 4°C. After thorough mixing and centrifugation 
at 9000" x gq at h°C for 30 min, the aqueous layer was removed and 
frozen at -20°C until assayed. 
6. Protein determinations 

The protein content of cell] butanol extracts was determined 
using the Markwell modification of the Lowry procedure (Markwell et 
al, 1978). Solutions of bovine serum albumin were used to prepare a 


standard araph. Absorbance readings at 660 nm were made in a Beckman 


Acta CIl1l spectrophotometer. 
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CHAPTER THREE 
Cysteamine-S-Phosphate Hydrolysis by Alkaline Phosphatases 


A. INTRODUCTION 


[eo General 

Alkaline phosphatase is a hydrolase which has a low specificity 
and which therefore can act upon a wide variety of organic phosphate 
esters. Usually, however, its action is limited to monoesters of 
orthophosphoric acid. 

In the mid-1960's the hydrolysis of S-substituted monoesters of 
phosphorothioic acid by phosphatases present in erythrocyte prepar- 
ations was noted by Korman et al (1965). A few years later, detailed 
studies of this kind of hydrolysis were performed using purified 
enzyme preparations obtained from Eschericia coli_ (Neumann, Boross 
and Katchalski, 1967) and from chicken intestine (Neumann, 1968). 

With purified enzyme preparations from human tissue sources 
now available it is of interest to investigate the behaviour of 
various multiple forms of human alkaline phosphatase with regard to 
the two classes of substrate mentioned above. 

LZ SUS Lrate Structure 

The substrate used to represent the class of O-substituted 
monophosphate esters of inorganic phosphate was the widely known 
p-nitrophenylphosphate. Upon enzymatic hydrolysis at an alkaline pH, 
the phosphate group is cleaved resulting in a highly-coloured nitro- 
phenolate ion which is easily measured spectrophotometrically as out- 


lined in Chapter Two. 
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The substance used as an example of an S-substituted monoester 
Of rohosphorothnioie acid twas cysteamine-S-phosphate. Hydrolysis by 
alkaline phosphatase occurs at the S-P bond (Neumann et al, 1967) 
resulting in the formation of cysteamine and inorganic phosphate 


as shown below. 
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Cysteamine-S-phosphate Cysteamine Inorganic 
Phosphate 


In the kinetic assay system employed, the liberated -SH group of the 
cysteamine reacts with a sulfhydryl reagent, DTNB under first order 
conditions. This results in the formation of Sen ee Roe e noone 
acid which is highly coloured and can be measured spectrophotomet- 


rically as outlined in Chapter Two. 
B. MATERIALS AND METHODS 


Preparations of alkaline phosphatase were used which had been 
extracted and purified essentially as described by Seargeant and 
Stinson (1979a) from the following human tissue sources: liver, 
kidney, small-intestinal mucosa, placenta and neutrophils. This 
selection includes at least one representative of each of the 
presently-known human alkaline phosphatase isoenzymes. Enzyme 
prepared from calf intestine was also studied. 

Using each substrate, a Michaelis constant for each pure mul- 
tiple form of alkaline phosphatase was determined from a double 


reciprocal plot (Lineweaver and Burk, 1934). Substrate concentra- 
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tions ranging from 0.10 mM to 1.00 mM CASP and 0.005 mM to 0.100 mM 


pNPP, each in 0.78 M AMP buffer, which contained 1.5 mM MgCl, were 


2 
employed for all enzymes except the placental form which required CASP 
concentrations ranging from 0.04 mM to 0.50 mM. The rate of enzymatic 
hydrolysis in each case was measured as outlined in Chapter Two, 
using a Beckman Acta CII1 spectrophotometer. Measurements were 
repeated at least once with good agreement. 

Mixed substrate experiments were performed at 30°C by measuring 
the inhibition of pNPP hydrolysis due to CASP using a buffer system 
of 0.78 M AMP, pH 9.0, which contained 1.5 mM MgCl... The hydrolysis 
of pNPP was monitored continuously at 404 nm at concentrations of 
30 uM and 150 uM in the absence of and the presence of at least five 
different concentrations of the alternate substrate. The concen- 
trations of CASP used ranged from 0.25 mM to 2.00 mM in all cases 
except for the placental enzyme where concentrations from 0.05 mM 
to 0.75 mM were required. Dixon plots were prepared from the data 


and apparent K values determined (Dixon, 1953). Measurements were 


repeated at least once with good agreement. 
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Double reciprocal plots were prepared for each multiple form of 
alkaline phosphatase using pNPP as substrate. An example of such a 
plot is shown in Figure 1. A linear relationship was obtained in all 
cases, anda Se value for each multiple form was established from the 
X-intercept of the appropriate graph. Results obtained when measuring 


CASP hydrolysis were also good and therefore treated in a similar 
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Figure 1. Determination of a Michaelis constant for human placental 
alkaline phosphatase utilizing pNPP as substrate 


Double reciprocal plot obtained for alkaline phosphatase purified 
from human placenta. Hydrolysis of pNPP was measured at 404 nm in 
0.78 M AMP buffer, pH 9.0, which contained 1.5 mM MgCl, as outlined 
in the Methods section of this chapter. Similar plots were obtained 


for all other multiple forms of human alkaline phosphatase tested. 
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manner, an example of which appears in Figure 2. 

In the case of the mixed substrate experiments, Dixon plots 
were prepared as shown in Figure 3. The pattern obtained is in- 
dicativée fof competitive inhibition and was found in al casesistudied. 
A value for K. was obtained from the reading of the X-axis at the 
point of intersection of the two plotted lines. Due to the fact 
that CASP was not acting strictly as a competitive inhibitor, but 
rather as an alternate substrate, the K values established usina 
this method were termed apparent Kis. This point will be expanded 
upon in the Discussion section of this chapter. 

The K values using both substrates, along with the K. values 
for all of the multiple forms of alkaline phosphatase studied are 
compiled itn Table I. Examination of the data reveals that although 
the multiple forms of human alkaline phosphatase have a similar 
affinity for pNPP, the affinity for CASP varies significantly amongst 
them. However, a general trend is still apparent, in that for both 
substrates the small-intestinal mucosa KS are the highest, the 
placental KS the lowest, while the others are intermediate between 
the two. The K, values also reflect this trend and similarly show 
a magnitude of ten difference between the highest and lowest value, 
although the actual K and K values of CASP of each multiple form 
are not equal. 

In addition, it is apparent that only in the case of the calf 


intestinal enzyme are the K values for pNPP and CASP of a similar 


magnitude. 
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Figure 2. Determination of a Michaelis constant for alkaline phos- 
phatase from human liver utilizing CASP as substrate 
Double reciprocal plot obtained from alkaline phosphatase purified 
from human liver. Hydrolysis of CASP was measured at 412 nm through 
use of DTNB in 0.78 M AMP buffer, pH 9.0, which contained 1.5 mM 
MgCl, as outlined in the Methods section of this chapter. Similar 


plots were obtained for all other multiple forms of human alkaline 


phosphatase tested. 
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Figure 3. Determination of an apparent K. for CASP in a mixed 


substrate system for alkaline phosphatase from human 


small-intestinal mucosa 
Dixon plot obtained for alkaline phosphatase purified from small- 


intestinal mucosa. Inhibition of pNPP hydrolysis at a concentration 


of 30 uM and 150 uM was measured over a range of CASP concentrations 
at 404 nm in 0.78 M AMP buffer, pH 9.0, which contained 1.5 mM MgCl. 


as outlined in the Methods section of this chapter. The pattern ob- 


tained above is indicative of competitive inhibition and was also ob- 


tained for all other multiple forms of human alkaline phosphatase tested. 
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Table I Enzymic hydrolysis of pNPP and CASP by alkaline phosphatase™ 


Tissue source K (mM) K_ (mM) ° Apparent K, Ga 
of enzyme fl 
TOF ONPP for CASE 

Small-intestinal 

mucosa 0.036 1 200 0.25 
Liver 0.019 0-24 Oem ss 
Kidney 0.023 0.44 ORS 
Neutrophil ON032 0235 O20 
Placenta OAO197 OO 0505 
Cal? Intestine OF26 on 47 O24 


a “All MeasUrements were carried out at 30°C in 0.78 M AMP buffer, 
pH 970, which contained 1.5 mM MgCl... 
b K values were determined from double reciprocal plots similar 


fo that shown in Pigure: by 


c K values were determined from double reciprocal plots similar 
m 


to that shown in Figure 2. 


d Apparent K. values were obtained from Dixon plots of mixed- 
substrate experiments in which the inhibition of pNPP hydrol- 


ysis was measured, as illustrated in Figure 3. 
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Values of sed for the multiple forms of alkaline phosphatase 
could not be determined since the specific activity of each of the 
purified tissue sources of enzyme was not known due to the chia ft icul ty 
of protein determinations in the presence of Triton X-100. However, 
relative vee values could be determined under conditions of excess 
substrate. The ratios of the velocity of pNPP hydrolysis to the 
velocity of CASP hydrolysis for each multiple form of human alkaline 
phosphatase using a concentration of 10.0 mM pNPP and 5.0 mM CASP 
were asprollowse: “smal lmintes tinal amucosas=1. 5seplacental=i14 .Gy 
Mi dneyi=ale Sali vere= de95 and! neutrophi le= uf CL AS4nMl ightivof: the 
fact that the Voy values for the multiple forms of pNPP are quite 
similar (Stinson and Searaeant, 1981) the similarity amongst the above 
velocity ratios indicates that the various multiple forms are capable 
of hydrolyzing CASP at similar rates, although their affinities for 


CASP are different. 
Oe DISCUSSION 


lt is evident from these studies that all of the multiple forms 
of alkaline phosphatase tested are capable of utilizing CASP as a 
substrate. It is also apparent that the affinity for CASP amongst 
the forms is quite variable. In addition, in all the multiple forms 
of alkaline phosphatase from human tissue sources, the enzymes ' 
affinity for pNPP is much greater*than that for CASP. 

btnisetnterestingitotnete that the K values for the human mul- 
tiple forms of alkaline phosphatase can be divided into three groups: 
a low value for the placental form, an intermediate cluster of values 


for the liver, kidney and neutrophil forms, and a high value for the 
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small-intestinal form of the enzyme. This finding is consistent 
with the proposal that there are three structural genes coding 

for human alkaline phosphatase. That is, there are three true 
isoenzymes; the placental type, the intestinal type, and the liver/ 
kidney/bone type. It is of interest to note that neutrophil alka- 
line phosphatase would also appear to belong to the latter group. 
This point will be investigated further in Chapter Five. 

On a more practical level, the differences in K values for 
CASP amongst the human multiple forms of alkaline phosphatase could 
be of importance when considering detection of CASP hydrolysis in 
human serum. Considering that serum normally contains a combina- 
tion of the multiple forms of alkaline phosphatase, the proportions 


of which may vary in particular disease states, assay conditions 


must be employed which will be suitable for detection of all forms 
of the enzyme. This point will be elaborated on in the following 
chapter. 


The K values of CASP and pNPP obtained from calf intestine 
which are shown in Table I would seem to support the earlier find- 
ings of Neumann (1968) when using alkaline phosphatase from E. coli 
and chicken intestine and perhaps are typical of enzyme obtained 
from certain animal tissue sources. The findinas when using human 
multiple forms of the enzyme aré strikingly different: ~ invall’ tests 
involving human alkaline phosphatase the enzymes' affinity for pNPe 
is much greater than that for CASP. The difference in substrate 
affinity amongst the human multiple forms is understandable knowing 


that differences in both structure and properties have been previously 
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reported from evidence obtained in subunit molecular weight studies, 
peptide mapping, heat inactivation and chemical inhibition studies 
(Stinson and Seargeant, 1981). 

The data obtained from the Dixon plots reveal that CASP is a 
competitive inhibitor with regard to pNPP hydrolysis by alkaline 
phosphatase. This has been previously reported by Neumann et al 
(1967) and Dulis and Wilson (1978). The values reported by the 
latter group also demonstrated a range of K. values determined 
from different sera. This may be a reflection of the presence of, 
or varying proportions of, different multiple forms of alkaline 
phosphatase within each serum. 

Inasmuch as CASP is acting as an alternate substrate, rather 
than strictly as a competitive inhibitor, a true K. is not deter- 
mined by these experiments. The normal mechanism of a competitive 


inhibitor is as follows: 
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where K. is equal to the dissociation constant of the E! complex 


k 
or —. bf, as im the case of CASP which we are considering to be 
5 


|, the El complex can also dissociate into free E and a second pro- 
duct, the actual dissociation constant must have a second term added 
to its numerator. However, since the and apparent K. values 
obtained are relatively close, and there is a considerable amount of 
error associated with the DTNB assay of CASP hydrolysis, it is prob- 


ably safe to assume that the apparent K values are indicative of 
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the true K. values. This point gains importance when considering 
a mixed substrate assay in order to measure the amount of CASP 
hydrolysis in a system. This possibility is examined in the 


following chapter. 
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CHAPTER FOUR 
A Search for N-Alkaline Phosphatase 
A. INTRODUCTION 


1. General 

As shown in the previous chapter, alkaline phosphatases obtained 
from various tissue sources are all capable of hydrolyzing cysteamine- 
S-phosphate (CASP). A number of earlier studies of this type of 
activity performed by Neumann and co-workers are summarized below 
since they give rise to several important questions. 

In 1970, Neumann et al reported that when either C57BL/6 or AKR 
mice developed leukemia, there was a substantial rise in tissue alkaline 
phosphatase levels. In addition, although alkaline phosphatases from 
Eschericia coli and chicken intestine were previously shown to hydrolyze 
pNPP and CASP at a similar rate (Neumann et al, 1967; Neumann, 1968), 
when tissue homogenates of leukemic C57BL/6 mice were studied the 
hydrolysis of pNPP was greatly enhanced over that of CASP and tissue 
homogenates from leukemic AKR mice were not capable of hydrolyzing 
CASP at all. A further study by Neumann et al (1971) reported that in 
leukemic tissue homogenates from C57BL/6, SJL/J and AKR strains of 
mice the ratio of the rate of hydrolysis of pNPP to the rate of hydrol- 
ysis of CASP was greater than the corresponding ratio using nonleukemic 
tissue homogenates. In addition, the pattern obtained upon polyacry|- 
amide gel electrophoresis of thymic alkaline phosphatase from leukemic 
AKR mice contained a unique band. In 1971, Wilson et al reported that 


when thymic lymphomas were induced by virus in C57BL/6 mice, an elevation 
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of alkaline phosphatase activity appeared first in the thymus, and 
then inthe other organs, concurrently with dissemination. A study 
by Haran-Ghera et al in 1972 reported that alkaline phosphatase 
levels in the thymus and lymph nodes were normal in SJL/J mice with 
either a reticulum cell neoplasm or a myeloid leukemia, but were 
elevated in, SJL/d mice with lymphatic leukemia. 

The relevance of these previous findings with regard to humans 
was investigated in a study by Neumann et al in 1974. She reported 
a unique alkaline phosphatase in the sera of patients with lymphatic 
leukemia and infectious mononucleosis which was distinct from the 
normal alkaline phosphatase. The enzyme was designated N-alkaline 
phosphatase; N was derived from the Hebrew word ne-elam meaning un- 
known. Its distinguishing characteristics were twofold; firstly, 
the formation of a unique band upon polyacrylamide gel electrophoresis 
of the serum, and secondly, the lack of hydrolysis of S-substituted 
monoesters of thiophosphoric acid. Further studies from Neumann's 
laboratory (Klein et al, 1976; Neumann et al, 1976; Karpas et al, 
1978) culminated in a report by Neumann et al in 1979 which claimed 
that the presence of N-alkaline phosphatase could be used as a poten- 
tial disease marker for lymphoproliferative disorders since it had 
been detected in Significant amounts Jn the sega, and in, some cases 
the leukocytes, of most patients with these kinds of disorders, but 
it was not found in patients suffering from myeloid leukemias, 
various types of carcinoma, autoimmune disorders, or liver disease. 

The existence of an unique enzyme marker for lymphoproliferative 
disorders would be important both as a diagnostic tool and to follow 


the course of treatment. However, studies performed by two other 
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independent groups have been unable to substantiate or confirm the 
above findings. Dulis and Wilson (1978) compared three normal sera 
with twenty abnormal sera from patients suffering from infectious 
mononucleosis, chronic or acute lymphatic leukemia, Hodakin's disease, 
chronic or acute granulocytic leukemia, malignant melanoma, or lympho- 
sarcoma. They found that CASP hydrolysis was impossible to measure 
in serum using the DTNB procedure as outlined by Neumann due to in- 
creases in optical density arising from other sources. Furthermore, 
they were unable to detect a unique band upon polyacrylamide gel 
electrophoresis of the abnormal sera. A study by Kelly et al (1979) 
of sera from normal subjects and patients with chronic lymphatic 
leukemia revealed no significant differences between the two qroups 
in terms of the rate of hydrolysis of pNPP and CASP. In addition, 
they concluded that the previously reported extraction and purifi- 
cation procedures for N-alkaline phosphatase (Neumann et al, 1976) 
were unsuitable for human alkaline phosphatases. 

le lreht “of the fabéve tconflicting reports} alerurther*seareh for 
N-alkaline phosphatase seemed to be in order. 
2. Quantification of N-alkaline phosphatase 

The quantification of N-alkaline phosphatase in serum poses a 
problem in that it is an absence of activity which one must measure. 
Therefore, Neumann devised the following system for quantification 
(Neumann et al, 1979). 

Initially she determined the ratio of velocity of hydrolysis of 
pNPP to the velocity of hydrolysis of CASP using sera from 20 healthy 
individuals. The ratios obtained rangéd from 1¥39°=°2.14 with @ mean 


value of 1.63 and a standard deviation of 0.5. Based on this value of 
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1.6, Neumann then defined the following quantities: 


) 


Normal alkali h h ivi = 
ine phosphatase activity 1.6 (Vensp 


N-alkaline phosphatase activity 


Total activity - Normal activity 


= Se hee cia ) 


\ 
oNPP UCASP 


4 of N-alkaline phosphatase present N-alkaline phosphatase activity X 100 


Total alkaline phosphatase activity 


= s\V/ - 1.6 (V ) 


pNPP 
V ONPP 


CASP x 100 


The ratio values obtained covered such a wide range that the standard 
deviation was approximately 30% of the mean value. Neumann therefore 
decided to consider N~-alkaline phosphatase as present only when its 
value represented more than 30% of the total activity. 
Jee wroceduralymodhfications 

Although a detailed outline of the methods used is included in 
the Methods section of this chapter, a few points are worthy of men- 
ion. 

Inasmuch as controversy exists as to the actual existence of N- 
alkaline phosphatase, it would seem logical to conduct a search for 
ity unde reoptimal conditions’ lt is a, well-accepted: factthatwenzyme 
activity should be measured under conditions where zero order kinetics 
are maintained, that is, where the velocity of the reaction is maximal 
and dependent on only the amount of enzyme present. It follows, there- 
fore, that theeveloci ty should be sindependentpoh substrate iconcentra- 
tion and for this to be the case, the substrate concentration employed 
should be at least twenty times the K value of the enzyme for that 
Substrate. The Kf values for the multiple enzyme forms which may 


appear in human serum were presented in Chapter Three, and ranged 
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from a value of 0.09 mM to 1.00 mM when using CASP as a substrate. 
Therefore a concentration of 5.0 mM CASP, which was five to fifty 
times the K values, was employed in all assays of CASP hydrolysis 
with the exception of one set where 1.0 mM CASP was used as suggested 
by Neumann for purposes of comparison. A higher concentration of CASP 
could not be employed due to the overwhelming amount of spontaneous 
CASP hydrolysis and thus DTNB hydrolysis. 

Due to this limitation of the DTNB method a mixed substrate method 
of assay was considered. In this case CASP hydrolysis would be ascer- 
tained by the decrease in pNPP hydrolysis due to competition for the 
enzyme by CASP. This proposal was abandoned for two main reasons. 
Firstly, it is generally more desirable to make a direct rather than 
indirect measurement. Specifically, there would be less error involved 
in measuring a small increase in activity than in measuring a smal] 
decrease in a large amount of activity. In addition, as discussed 
in Chapter Three, the K values determined for the enzymes were only 
apparent. The actual significance and therefore the associated error 
of the reaction of E-CASP to free enzyme and cysteamine, as opposed 
to the main reaction of E-pNPP to free enzyme and p-nitrophenolate, 
is unknown. In light of these two sources of error it seemed more 
desirable to pursue an approach of direct measurement of CASP hydrol- 
ysis. Secondly, whereas in normal serum the rate of hydrolysis of 
pNPP should decrease upon addition of CASP due to competition for 
the enzyme, in a serum containing only N-alkaline phosphatase the 
rate of hydrolysis of pNPP should, according to Neumann, remain the 
Same upon addition of CASP since by her definition the enzyme is 


incapable of utilizing CASP. However, according to Dulis and Wilson 
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()978)6 at further defining characteristic of N-alkaline phosphatase 
is that when hydrolyzing pNPP it is very readily inhibited by ‘CASP, 
100 to 1000 times more so than is the normal enzyme. Therefore, the 
rate of hydrolysis of pNPP of a serum containing N-alkaline phospha- 
tase would decrease upon the addition of CASP. 

Thus, it would be extremely difficult to distinguish between the 
presence of normal and N-alkaline phosphatase since both would exhibit 
a decreased rate of pNPP hydrolysis when CASP was present. 

4. Outline of this investigation 

Initially the rates of hydrolysis of* pNPP and@CASP* by all of*the 
previously used multiple forms of alkaline phosphatase were determined 
using both 1.0 mM and 5.0 mM CASP in order to ascertain whether there 
is in fact a difference between the velocities obtained in each situ- 
ation, and whether 5.0 mM CASP is closer to representing optimal 
conditions. 

A study of normal sera followed in an attempt to confirm Neumann's 
reported value of 1.6 for the ratio of the velocity of pNPP hydrolysis 
to the velocity of CASP hydrolysis by normal human alkaline phospha- 
tases (Neumann et als 1979) 

A study of sera from selected hospitalized patients with three 
general types of disorder was also carried out. Group I consists of 
disorders which have been claimed by Neumann to be associated with the 
presence of N-alkaline phosphatase in the serum, namely non-Hodgkin's 
lymphomas, infectious mononucleosis, Burkitt's lymphoma, and acute and 
chronic lymphatic leukemia. Group II consists of proliferative dis- 
orders which according to Neumann et al (1979) are not associated with 


the presence of N-alkaline phosphatase in the serum, namely acute and 
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chronic granulocytic leukemia and Hodakin's disease. Proliferative 
diseases which have not been previously studied for the presence of 
N-alkaline phosphatase in serum, namely myeloma, sarcomas and lung 
cancer, are also included within this group. For purposes of com- 
parison Group III consists of conditions where patients have in- 
creased levels of serum alkaline phosphatase due either to pregnancy 
or some kind of disorder other than a proliferative type. Finally, 
pNPP and CASP hydrolysis were studied in butanol extracts prepared 
from both neutrophils and lymphocytes of normal individuals since 
it is of interest to compare the activity of the two cell lines and 
of serum. 

The criteria used for the diagnosis of each of the above’ dis- 


orders appear in Appendix 1. 


Ba METHODS 


The rate of hydrolysis of CASP and pNPP was measured at 30°C 
essentially as outlined in Chapter Two. The buffer used was 0.78 M 
AMP, pH 9.0, which contained 1.5 mM MaCl.. When serum was measured 
for CASP activity the DTNB and CASP blanks were corrected for volume 
by addition of heat-inactivated serum equal in volume to that of the 
serum used in the test system. A concentration of 1.0 mM CASP was 
used for the initial set of studies but 5.0 mM CASP was employed in 
all the following cases. A concentration of 10.0 mM pNPP was used 
in all instances. 


In the case of lymphocytes, the alkaline phosphatase activity was 


so low that the cells from several donors had to be pooled in order to 


obtain measurable activity. Butanol extractions of the granulocyte 
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and lymphocyte suspensions were performed as outlined in Chapter Two. 
All sera and butanol extracts were stored frozen at -20°C, and were 
thawed immediately prior to assay. 


For each specimen the velocity of hydrolysis of pNPP and CASP, as 
Vv 


> Vi 


“CASP 


re 


well as the ratio between the two was determined. 


Ce ReoULIS 


1. The effect of CASP concentration on the velocity of pNPP hydrolysis 
tOUChor Nydrolysts ratio 


The hydrolysis of 1.0 mM and 5.0 mM CASP by each of the purified 


\! 
D 
human enzyme preparations was measured, and the ratio of Pe deter- 
CASP 
mined. The results obtained appear in Tabie II. 
y 
t. P j pNP oa 
Table II The effect of CASP concentration on the 7 ratio 
fae CASP 

: V V 
Tissue source pNPP pNPP 

f enzyme V eh V af 
i CASP CASP 

1.0 mM CASP 5.0) m4 CASP 

Small-intestinal 

mucosa 2.4 (ee 
Liver Bee) eee] 
Kidney 3.4 Vo 
Placenta 2 ao lac 
Mean x 2.5 Wey, 


ee 


a Velocity of hydrolysis is expressed as umol CASP hydrolyzed/ 
min/L of enzyme preparation in 0.78 m AMP, pH 9.0, which 
contained 1.5 mM MgCl., at 30. Cs 
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Comparing the hydrolysis of 1.0 mM and 5.0 mM CASP, it is evident 


that the velocity ratio was decreased in all cases when a concentration 
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of 5.0 mM CASP was employed. Inasmuch as the concentration of pNPP 
was constant at 10.0 mM, the lowering of the ratios indicates an in- 
crease of CASP hydrolysis when the higher substrate concentration was 
used. Obviously at a concentration of 1.0 mM CASP the substrate had 
limiting effects on velocity, and therefore zero order kinetics were 
not maintained. None of the values were close to the previously 
reported value of 1.6 (Neumann et al, 1979) at a concentration of 
1.0 mM CASP. However, perhaps by coincidence, the mean value of 
the ratios obtained when 5.0 mM CASP was employed was 1.7. 
2. Alkaline phosphatase activity in normal sera 

Thirty-six sera were screened for normal levels of alkaline phos- 
phatase activity using a Technicon 12/60. The velocity of hydrolysis 
of both pNPP and CASP, as well as the ratio between the two, were 
determined for each. An example of the tracings obtained when a nor- 
mal serum was measured for hydrolysis of CASP appears in Figure 4. 
Despite a large initial reaction between serum proteins and DTNB the 
reaction had reached a steady-state after 30 sec. All the velocity 
values obtained appear in Table III. Although the values for the 
velocity of hydrolysis of both substrates vary somewhat, the velocity 
fattos are quite consistent. “A’value or 27] 2.085 was obtained for 
the mean of the ratios as compared with the previously reported value 
of 1.6 + 0.5 (Neumann et al, 1979). The coefficient of variation 


obtained was 24% which is slightly better than Neumann's value of 


30% (Neumann et al, 1979). A study by Kelly et al (1979) also reported 


a value of 2.1 for the velocity ratio between pNPP and CASP in normal 
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Figure 4. Example assay of CASP hydrolysis in serum 

All measurements were performed at 30°C in 0.78 M AMP buffer, pH 9.0, 
which contained 1.5 mM MaCl,. Cuvettes contained: a, DTNB in buffer; 
bu DINB’ & CASP in buffer; °c, DINB & serum in buffer: dd. DINE © CASP 

& serum in buffer. The rate of hydrolysis of CASP by alkaline phos- 
phatase in the serum was obtained from the rate of change in absorb- 


ance of d - c - (b-a). 
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Tabla Alkaline phosphatase activity in normal sera’ 


Serum 
VONPP VeASP V ONPP 
number eres 
1 18.6 eT. 2.4 
2 14.0 6.5 idea 
3 14.1 8.5 057 
4 40.0 oes eas 
Bb ZN. 5 10.9 [39 
6 49.2 2603 (ae) 
7 20 a2. 10 RS 220 
8 23.4 1a eS 22.0 
9 em yg 6 ay 2.8 
10 16.4 Sees 2.8 
ia a2 35 Oss FAt2 
12 JS Ces Lie, 
13 bees: 6). ae) 
14 le leey, 8.4 lad 
bs 19.0 6.9 Pot a 
16 16.5 Shei Ne 
Lif Wo44 LORS ipa 
18 ee Ou, iG 
19 V2.6 8.0 12.6 
20 (29 ‘el Ee 
21 ke.20 Onl 20 
22 11.9 OLS eee 
23 W3s..8 cues 1% 
24 ZO0e5 (as 1.8 
25 VORS Bie oraz 
26 155 Bo 206 
2]. pS19 Te Zeal 
28 20.6 ies eed 
7s) lel Bey, BuO) 
30 (ARS Sy EES) 
3] 26.2 nlee2 Popes: 
32 13.8 Sie 0) ley 
33 ZOO 129 2182. 
34 13.8 Ga les 
35 24 Oey, 7 a 
36 15.5 ez [pee 
TOTAL x + S.D DRE OS 
GLiv 24% 


a Alkaline phosphatase activity is expressed as umol pNPP or CASP 
hydrolyzed/min/L of serum in 0.78 M AMP, pH 9.0, which contained 
1.5 mM MgCl., ats 30. Ce 


ce : pee ee ee = aan a ee Ll = 
leatsn a ee Bh has ta) 290 oO VVEE Se gs ete a 
c= Series is aici o pds eee wen gee — = bree ces ae - 
f 
7 
7 
= 


= Dt bw pk aden _ — ———— 
| a Lave OF * ‘Ge “9 C40 OFS eo'eo Gs 9 os = ur — Ay ee —- <i as — & 
vi « - - « . s * : 7 y r 
a = iAP Gita CF DL ub ond VE WES = ~ ad Ear eas oe ami in Saraies 
a“) 
| 
. a 
foo | 
7 e 
a | 
<i 
2° 
: 
(%5 ; ; 
raat) Co | ee a By EES Bm ie Ete fee a Ate AF BA EA SS ee 
* ds 7 : 
7 . if SUA wd Ol Oo Cao cH Lia OO > oa! ocr rte ey ee tr 2 orriud te at ho nd 
= FRSE 


hg 


3. Alkaline phosphatase activity in sera of patients in Group I 

The results obtained from sera of patients with disorders of Group 
I are summarized in Table IV. These results are similar to those 
obtained with normal serum (Table III) in that although considerable 
variation within each type of disorder occurs among the individual 
values for VONPP and for Veasp the velocity ratios are again quite 
consistent. When the mean velocity ratio for each of the four types 
of disorder is calculated and these are compared, a very close simi- 
larity amongst them is apparent. More importantly these mean velocity 
ratios do not differ significantly from those of the normal group 
shown in Table III. If N-alkaline phosphatase were present in these 
Group I sera, as claimed by Neumann et al (1979), the velocity ratios 
would have been greatly increased as compared with those of normal 
sera since CASP hydrolysis would not have occurred. 
4, Alkaline phosphatase activity in sera of patients in Group II 

Patients who were suffering from disorders included in Group ITI 
also had their sera studied for alkaline phosphatase activity. The 
results appear in Table V. Once again, the ratio values obtained are 
very similar to those of the normal group. Although patients with 
myeloma have a proliferation of B lymphocytes and should therefore 
be included in the lymphoproliferative group, sera from these patients 
had not specifically been claimed by Neumann et al (1979) to contain 
N-alkaline phosphatase. They were therefore placed in Group II. 
5. Alkaline phosphatase activity in the sera of patients in Group III 

There was the possibility that sera with increased levels of alka- 
line phosphatase may behave differently from sera with normal levels. 


For this reason sera from six pregnant women were included since they 
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Table IV Alkaline phosphatase activity in sera from 
a,b 


patients in Group I 


Type of V V V 
aieerdes pNPP CASP — 
CASP 
Lymphoma 54.6 Das) 2,0) 
19.6 ez 1.8 
13.6 9.6 iat 
By ee Om IRAs} 
24.6 10.4 2.4 
29.9 16.8 ee 
[5.2 6.5 NS) 
15.8 ies) 2.0 
estate) Sha, 16 
ZAM s'S) 9.4 Les 
15.9 Tic? 222 
isa Hae 2.4 
HskaS 6.0 IBS) 
18.6 Wo 2.4 
19.4 9.6 DSO) 
2268 Sha 8} 7D ih 
x + $.D DM e Mena 
Infectious 34.0 20.5 eee 
mononucleosis~* Pash ae. 220 
om Bi 7x eh0) 
45.1 20.8 22 
x 2.0 
Chronic lymphatic 13.9 6.8 PA XO) 
leukemia® oa 5.8 2.8 
13.8 8.2 Tez 
x phat) 
Burkitt's lymphoma’ 17.2 orl lee) 
Acute lymphatic leet 10.2 ess} 
leukemi a© 
TOTAL x + S.D 2.0 + 0.4 
Coo 20% 


a Alkaline phosphatase activity is expressed as pmol pNPP or CASP 
hydrolyzed/min/L of serum in 0.78 M AMP, pH 9.0, which contained 
1.5 mM MgCl., aie Shoe. 


b Group I consists of disorders which have been claimed by Neumann 
to be associated with the presence of N-alkaline phosphatase in 
the serum (Neumann et al, 1979). 


¢C Where fewer than five values were available, a S.D. was not 
calculated. 
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Table V Alkaline phosphatase activity in sera from 


patients in Group noe 
adele VONPP Veasp V NPP 
Veasp 
Myeloma 24.3 9.6 2.5 
18.4 lO.5 1.8 
16.0 8.5 ease) 
26.3 12.6 Ziel 
13.4 Se ih 3) 
18.5 Teel D (9) 
AY 0) Koh 2 yan) 
20.6 Wea s) 2.6 
228 10.5 Pee: 
60.3 hl 2 1.9 
18.1 7.6 2.4 
x + $.D. Ce Sarees) 
Acute myeloid 13.4 6.9 1.9 
leukemia 16.3 Foil Dea 
7a she 5) ees 72510) 
23.0 Olay Zs 
93.3 51.6 1.8 
Se SAS OHS ea ee 
Lung Cancer 24.6 104 Di 
lfs3 Hod DR 
Siar 6.1 Ph Ph 
15.0 Tee ZO) 
32.0 14.2 ane 
xt S.D: ae ae Toe 
Hodgkin's disease~ 15.8 6.6 2.4 
20.3 9.8 al 
76.6 38.4 ZB M0) 
28.1 10.4 Devil 
x 2.3 
Sarcoma® eG 4.7 25 
siZh nisi EZ DD. nite 
36.7 AO 3) 1.8 
A 2.4 
TOTAL x + S.D. 2302055 
Gowle DoE 


a Alkaline phosphatase activity is expressed as umol pNPP or 
CASP hydrolyzed/min/L of serum in 0.78 M AMP, pH 9.0, which 
contained 1.5 mM MgCl., ates OmGr 


b Group II consists of proliferative disorders which according 
to Neumann are not associated with the presence of N-alkaline 
phosphatase in the serum and disorders which have not been 
previously studied for the presence of N-alkaline phosphatase 
in the serum (Neumann et al, 1979). 


c Where fewer than five values were available a S.D. was not 
calculated. 
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are readily available and known to contain high levels of the placental 
form of alkaline phosphatase. The behaviour of this group of sera 

is shown in Table VI. The ratio values obtained appear to be slightly 
lower than those of the normal group (Table III). There is no apparent 
explanation for this, although the ratio obtained for the purified 
preparation of placental alkaline phosphatase was lower than that of 


the liver or.kidney forms... lable. IL). 


Table VI Alkaline phosphatase activity in sera from 
a,b 


patients in Group III 


Description V V 
eS Beith pNPP CASP eld 
CASP 
Pregnant pA ee) U7 28 Le 
Ie 8.3 1 7 
Seis 33.0 136 
ie eS See: i, 
16 Vere eee) 
2621 13.4 | ies) 
SDs. le eae O53 
Increased enzyme el 5 SW ete eal 
activity® Ligee 53.8 ae 
104.9 S10). Dros 
x 271 
TOTAL x + S.D V8 20.3 
EuV Wea 


a Alkaline phosphatase activity is expressed as umol pNPP or 
CASP hydrolyzed/min/L of serum in 0.78 M AMP, pH 9.0, which 
contained 1.5 mM MgCl., reh act e 

b Group III includes conditions where patients have increased 
levels of serum alkaline phosphatase. 

c Where fewer than five values were available, a S.D. was not 
calculated. 
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Three patients with disorders other than a proliferative type who 
were known from previous testing to have increased serum levels of 
alkaline phosphatase were also studied. Results also appear in 
Table VI. Although the velocity of hydrolysis of each type of sub- 
strate was considerably increased, the velocity ratio of pNPP to 
CASP was still found to be similar to the normal group (Table (lie 
6. Alkaline phosphatase activity in butanol extracts prepared 

from normal leukocyte suspensions 

Butanol extracts of normal granulocyte and pooled lymphocyte 
cell suspensions were studied for alkaline phosphatase activity 
towards pNPP and CASP. The results obtained appear in Table VII. 
There is no significant difference between the mean velocity ratios 
obtained from each type of cell, and in both cases the values are 
similar to those obtained for normal serum. There is no apparent 
reason ror the large coefficients of Variation in this aroup. 
These differences are perhaps related to the isolation and extrac- 
tion procedures which the cells have gone through. In the case 
of the lymphocytes it is difficult to establish whether true lympho- 
cyte activity is observed or whether it is just a reflection of 


the activity of contaminating neutrophils. 
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Table VII Alkaline phosphatase activity in butanol extracts 
prepared from normal leukocyte suspensions” 
+ 
Vege VONPP VeASP VONPP 
cel] V 
CASP 

Pesnon mes. 20a 6.8 3.0 

25.6 863 34 

81.6 1735 4.7 

18.9 LOS hae 

7.4 756 1.0 

eine 35.04 ‘78 

48.5 2626 leo 

B95 igeo 250 

1 7.6 125 

3128 46.3 ASO) 

43.3 23.59 18 

6.7 620 lal 
x +°S1D. ie 10 
renee tec It3 76 bed 

10.4 Gers hed! 

Oe SU ay) 

4] phe eo 

6.4 3.9 16 
Weiss) uy 0 22 
TOTAL ES 1D 20 Oi. 9 

Cav 4o% 


a Alkaline phosphatase activity is expressed as umol pNPP or 
CASP hydrolyzed/min/L of cell suspension in 0.78 M AMP, 
pH 9.0, which contained 1.5 mM MaCl., Si s0 sce 

b The number of leukocytes/ml of suspension varied depending 
on leukocyte yield from whole blood. 

c Lymphocytes from several donors had been pooled in order to 
obtain a measurable amount of enzyme activity. 


j/. sounmaly Of Fesul ts 
A summary of the mean velocity ratios obtained in the above groups 


of samples is contained in Table VIII. 
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Table VIII Summary of the ratios of pNPP to CASP hydrolysis 
in human sera and butanol extracts of human 


: a 
leukocyte suspensions 


Typegof VONPP SeDE Cae 
sample er 

GASie 
Normal sera 2a | + 0:5 24Z 
Group I sera 2.0 + 0.4 207% 
Group II sera 2e53 00). 5 224 
Group LiL sera eo so Os es 
Butanol,lextracts 230 # 0:9 LO% 


of leukocytes 


TOTAL x va 


I+ 


Gene) 24% 


a Alkaline phosphatase activity is expressed as umol pNPP or 
CASP hydrolyzed/min/L of serum or cell suspension in 0.78 M 
AMP, pH 9.0, which contained 1.5 mM MgCl., ae 20°, 


The velocity ratios obtained for the five groups studied are 


all very similar and no significantly large differences in ratio 
V 


are evident. The average value obtained for the pNE ratio was 
V 
CASP 
2.1. When Neumann's definition is followed and a value of 2.1 is 


used for the calculation of the amount of N-alkaline phosphatase 
activity present in the variety of sera tested the result is below 
307 1M all "cases; “im most instances I< Is well belows307 cr zero. 
Therefore, there appears to be no evidence for the existence of an 
unique form of alkaline phosphatase either in those disorders in 
which it had been claimed previously to be present (Neumann et al, 
1979) "or Ina variety of other disorders, both proliferative and non- 


proliferative. 
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De DISCUS SON 


The results obtained in the present study support the reports of 
Dulis and Wilson (1978) and Kelly et al (1979) which challenaed the 
claims of existence of such an enzyme as N-alkaline phosphatase. 

What then, is the cause of the abnormal activity which Neumann 
continually seems to find? It is most likely that the answer lies 
within her assay methods. 

There are several aspects of the method used for detection of 
CASP hydrolysis as outlined by Neumann et al (1979) that make it 
either unsuitable or at least non-optimal for use with serum. The 
foremost problem in the original assay method is the concentration 
of substrates employed. As mentioned earlier a ceneentracicon of 
1.0 mM CASP is unsuitable for a serum assay since it is known that 
the multiple forms of alkaline phosphatase which may be present in 
serum have Me values for CASP ranging from 0.09 mM to 1.00 mM (Chapter 
Three, Table I). Further, in this study the velocity ratios of all 
of the multiple forms of human alkaline phosphatase increased when 
the CASP concentration was increased from 1.0 mM to 5.0 mM (Table ITI). 
Obviously a lack of substrate was limiting the rate of reaction when 
a concentration of 1.0 mM CASP was employed. Theoretically for assays 
with 1.0 mM CASP the greatest error would occur when the intestinal 
form of alkaline phosphatase was present since its Kf value and the 
substrate concentration would be the same. It is now known that many 
individuals who are blood group 0 or B, secretors, or Lewis-b positive 
(approximately 60% of the population) possess an intestinal component 


in their total serum alkaline phosphatase. Therefore an assay method 
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for human serum which employs a concentration of only 1.0 mM CASP 
is not acceptable. In this study a concentration of 5.0 mM CASP was 
employed for all sera and cellular extract assays of CASP hydrolysis. 

The highest K value for pNPP obtained from the multiple forms 
of human alkaline phosphatase was 0.03 mM. Therefore, a concentra- 
tion of 1.0 mM pNPP should be more than adequate in order to overcome 
any substrate inhibition. However, as Dulis and Wilson (1978) pointed 
out, there is still a significant problem concerning competition by 
phosphate esters contained within the serum for the enzyme. These 
authors found that when a six-fold dilution of normal serum was used 
with 1.0 mM pNPP more than twice as much phosphate was produced as 
p-nitrophenol. This was due to serum phosphate esters which- acted 
as substrate in addition to pNPP. However, this type of interfer- 
ence can be substantially reduced through use of 10.0 mM pNPP as is 
commonly employed in routine alkaline phosphatase assays. Therefore 
by increasing the substrate concentrations to 5.0 mM for CASP and to 
10.0 mM for pNPP both substrate inhibition and serum phosphate 
ester interference should be virtually eliminated. 

A second major flaw in Neumann's assay method of CASP hydrolysis 
is the absence of a sample blank. Although a blank which contained 
DTNB, CASP and buffer was included it would account only for the 
spontaneous hydrolysis of DTNB and CASP. However, the reaction of 
sulfhydryl groups of serum proteins is extensive although slow and 
occurs with a declining rate over a period of 30 min (Dulis and Wilson, 
1978). This factor gains even more significance when large sample 
volumes are employed in order to detect low levels of activity. There- 


fore a sample blank which consisted of DTNB, serum and buffer was 
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included in all assays in this study (Chapter Two). 

Due to the fact that measurement of a low amount of activity is 
required it is desirable to maximize activity levels by using con- 
ditions which are optimal. All of Neumann's work was performed at 
22° or 23°C, as was that of Dulis and Wilson (1978), while Kelly 
et al (1979) employed 25°C. By contrast, a value of 30°C was 
employed in this study. 

The lack of magnesium ions used in Neumann's assay system con- 
Siieutes another basis fog. critichsm?é shhe stimulating -erfects sor 
magnesium ions on many alkaline phosphatases, especially those ob- 
tained from mammalian tissue sources, are well known. It is gener- 
ally recommended that magnesium be included in all such assay sys- 
tems although there is some controversy as to whether additional 
magnesium is really necessary in the case of serum determinations 
since the specimen itself contains almost optimal amounts of the 
cation (McComb et al, 1979). However, in this case where the measure- 
ments are in the lower range of sensitivity and the sera were obtained 
from individuals with various disorders, it seemed more desirable to 
be confident of the presence of an adequate concentration of cation. 

Although all of the previously mentioned authors performed their 
assays.in, LRIS/HC), inthis «study AMPBebuffer wasachosen, because,oF 
its widespread use in studies of mammalian tissue alkaline phospha- 
tases whe. ERISAHC! yeiwith ya pK. of 3.0, )-isianeexcellent buffer sfor 
Beco jiea lai ime phosphatase which has a pH optimum near pH ee (ee 
has poor buffering capacity at pH 10.0 and is therefore unsuitable 


for measuring alkaline phosphatase from mammalian tissue sources. 
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The PK, Of -AMP plis).9.03 ssomit was suitable for suse at: pH"9’.0 where «al | 
of the assays in this part of the study were performed. 

Another major complaint about Neumann's assay, as pointed out 
by Dulis and Wilson (1978), is the length of time required for each 
measurement. Several problems can be encountered when measurements 
are taken over a period of 20 - 60 min. Neumann et al (1979) in- 
dicated that reoxidation by air of cysteamine may occur but reoxi- 
dation of 5-thio-2-nitrobenzoic acid can also be a problem. As 
mentioned earlier, Dulis and Wilson (1978) found that the reaction 
of DTNB with thiol groups present in the serum was significant over 
a period of 30 min. This resulted in nonlinear kinetics of both 
the DTNB-serum control and the test system which made the assign- 
ment of an overall value for the total system very difficult. In 
the present study, when all of the outlined changes in method had 
been made, the reaction was fast enough that a maximum of 4 min was 
required for each measurement. Under these new conditions there was 
a large initial reaction between serum proteins and DTNB but after 
30 sec the reaction reached a steady state (Figure 4). Due to the 
short period of assay reoxidation of either DTNB or CASP was not a 
problem. In addition no more than 50 ul of sample was ever required. 

Although vast improvements were obtained with the outlined modi- 
fications in procedure, there was still an inherent problem of con- 
siderable magnitude. There is always a certain measure of inaccuracy 
and insensitivity associated with a system in which the values of 
the blanks constitute a major part of the total value. It was for 
this reason that alternative assay methods for CASP hydrolysis were 


sought. Unfortunately, the mixed substrate system considered in the 
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Present study, plus attempts to utilize oe oe she Wied CASP e(Kellyet al, 
1979) were umsuccessful and nothing more appropriate has yet been 
discovered. 

The average ratio of the velocity of pNPP hydrolysis to the veloc- 
ity of CASP hydrolysis in human serum was 2.1 in the present study 
(Table III). The discrepancy between this value and Neumann's value 
of 1.6 (Neumann et al, 1979) is presumably due to the differences 
in assay conditions. 

Sera from patients with Group I disorders should, according to Neu- 
mann et al (1979), contain N-alkaline phosphatase. If N-alkaline phos- 
phatase were indeed present in these sera very low or absent CASP hydrol- 
ysis and thus very high velocity ratios should have been obtained in 
Group L- This was not found to be the case (Table IV); the mean veloc- 
Loy baGlO was. very Similar ato that of the mormal croups(Leblesttiy. | The 
sera in Group II were from patients with disorders which Neumann et al 
(1979) had claimed did not contain N-alkaline phosphatase (acute myeloid 
leukemia and Hodgkin's disease) or with proliferative disorders which 
Neumann et al did not examine for the presence of N-alkaline phosphatase 
(myeloma, lung cancer, and sarcoma). The mean velocity ratio of Group 
II was again very similar to normal (Table III & Table V). Based on 
Neumann's hypothesis one would expect N-alkaline phosphatase to be 
present in the sera of myeloma patients since myeloma is a lympho- 
proliferative disorder. The possibility that a change in velocity ratio 
may occur when abnormal levels of alkaline phosphatase are present was 
also investigated. Group ITI included sera from patients with an in- 
crease in the placental form of alkaline phosphatase because of preg- 


nancy and sera with overall increased levels of alkaline phosphatase. 
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No significant change in the velocity ratio was detected in either 
case (Table VI). 

Neumann et al (1976) also claimed to have isolated and purified 
N-alkaline phosphatase from a Burkitt lymphoma cell line and a 
Moloney-virus-induced murine leukemia cell line. Further claims 
of the presence of N-alkaline phosphatase within cells were made in 
a recent report by Neumann and co-workers (Flemans et al, 1981). 
They reported that N-alkaline phosphatase was present in both the 
serum and the peripheral blood lymphocytes of a patient with malig- 
nant lymphoma and furthermore, that a proportion of the patient's 
large lymphocytes were cytochemically positive for alkaline phos- 
phatase. Unfortunately in the present study leukocytes could not 
be obtained from the patients with lymphoproliferative disorders 
but butanol extracts of granulocytes and lymphocytes were prepared 
from the normal donors. The alkaline phosphatase from granulocytes 
acted in a similar manner to that in normal serum (Table VIT). 

Since the alkaline phosphatase activity in lymphocytes was extremely 
low the lymphocytes from several donors had to be pooled in order to 
obtain measurable activity. The behaviour of these pools was also 
similar to that of normal sera (Table VII). Thus it would appear 
that the alkaline phosphatase present within leukocytes has proper- 
ties similar to the enzyme present in sera. 

The other phenomenon which Neumann et al (1976) used as evidence 
for the existence of N-alkaline phosphatase is its supposedly unique 


electrophoretic mobility. This aspect of methodology also has associ - 


ated problems. 
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Neumann et al (1971) first mentioned the appearance of an unique 
enzyme band when they compared the electrophoretic patterns obtained 
on acrylamide gels of thymic alkaline phosphatase from leukemic and 
non-leukemic AKR mice. The thymic extracts of leukemic AKR mice 
demonstrated an extra alkaline phosphatase band which had a fast 
mobility. However, differences in mobilities were also seen between 
different mice strains and before and after performance of butanol 
extractions. In other words variable patterns were obtained not 
only between leukemic and non-leukemic tissue sources but also be- 
tween various stages of the experimental procedure. Minor methodo- 
logical differences in procedure have been previously reported to cause 
profound changes in mobility. For example, artifactual alkaline phos- 
phatase bands or peaks have been reported to be due to molecular 
aggregates (Smith and Fogg, 1972), to material incompletely separated 


from membranes (Eguchi et al, 1972) and to material adsorbed onto con- 


taminants (Beratis et al, 1970). It is interesting to note that Neumann's 


group in their latest study claimed that a patient contained major 
amounts of N-alkaline phosphatase in both his serum and lymphocytes 
(Flemans et al, 1981). However, comparable bands in the electrophor- 
etic patterns obtained from the serum and a butanol extract of the 
lymphocytes could not be found. Upon subsequent treatment of the 
lymphocyte extract by passage through a gel filtration column contain- 
ing a detergent a band comparable to that of the N-alkaline phosphatase 
contained in the serum was obtained. It is very difficult to ascer- 
tain the validity of these findings since the samples contained 


numerous bands and variable Re values. 
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Finally, it should be noted that Neumann et al have always used 
B-naphthyl phosphate and diazonium salt (Fast Blue) to visualize 
the alkaline phosphatase bands obtained after electrophoresis. In 
only one case was an elution of the unique band performed and hydrol- 
ysis of CASP measured. Since the hydrolysis was negliaible the 
presence of N-alkaline phosphatase was assumed. From then on the 
assumption has been that if aberrant catalytic activity is found 
in the serum the responsible enzyme appears as a fast band on electro- 
phoresis. It was Dulis and Wilson (1978) who actually attempted to 
demonstrate the catalytic properties of N-alkaline phosphatase on 
the gel. They were searching for a unique enzyme in the sera of 
patients with lymphoproliferative disorders which would show up with 
an a-naphthyl phosphate activity stain but not with a CASP activity 
Stain. They could detect no such unique band in the electrophoretic 
PEEIeS icin - 

In conclusion, in this study no evidence was found of an unique 
enzyme form in the sera of patients with a variety of proliferative 
disorders when biochemical measurements of CASP hydrolysis were made 
under optimal conditions. The fact that Neumann and co-workers seem 
to have been able to detect aberrant activity may simply be a re- 
flection of the inaccuracies and insensitivity of their methods. The 
results obtained in the present study, support those of two other 
independent groups (Dulis and Wilson, 1978; Kelly et al, 1979) and 
call into question the validity of the whole proposal of the exist- 


ence of a unique alkaline phosphatase, N-alkaline phosphatase. 
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CHAPTER FIVE 
Granulocyte Alkaline Phosphatase 
A. INTRODUCTION 


1. Determination of granulocyte alkaline phosphatase activity 

Leukocyte alkaline phosphatase has been a subject of study for 
several decades. Although most of the early work on alkaline phos- 
phatase in granulocytes was performed by biochemical methods of 
assay, these methods never really became popular as a routine 
means of enzyme quantitation, presumably because of the lengthy 
procedures involved. 

Conversely the introduction by Gomori (1939) of a cytochemical 
technique for the detection of granulocyte alkaline phosphatase has 
resulted in numerous studies, and several modifications and improved 
procedures have since been developed. The simplicity of this type 
of method makes it ideal for use as a routine hematological test 
for the detection of granulocyte alkaline phosphatase. However, 
the assessment of activity is subjective and semiquantitative at 
best. 

Despite the difficulties, a number of studies have been performed 
which employed a biochemical assay of leukocyte alkaline phosphatase 
either to measure the level of enzyme in various medical conditions 
(Valentine and Beck, 1951; Park, 1970; Findlay and Johnston, 1977) 
or to determine the correlation between results obtained by a bio- 
chemical and a cytochemical method of assay (Wiltshaw and Moloney, 


1955: Meislin et al, 1959; Diamant et al, 1971). However it is very 
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difficult to compare the results obtained by these various workers 
since they employ different extraction procedures, assay methods and 
means of expressing the results. 

In addition a great problem, encountered not only in the above 
studies but throughout the literature, is the way in which the terms 
leukocytes, granulocytes and neutrophils have been used so loosely. 
In reality each group represents a subset of the former group yet 
it has been common practice to use these labels interchangeably. 

The vast majority of alkaline phosphatase in white blood cells 

occurs in the neutrophils although small amounts have also been 
detected in lymphocytes and eosinophils (McComb, Bowers and Posen, 
1979). Therefore, although mixed cell populations which contained 
all types of leukocytes were used in all of the above studies, it 

was assumed that the detected activity was that of the neutrophils. 
Since lymphocytes normally constitute from 20 to 45% of the white 
cell population this assumption may not, in fact, be valid. Inas- 
much as eosinophils represent only 1 to 6% of the leukocytes normally 
present activity due to their presence may be discounted. 

Since the majority of alkaline phosphatase activity of white 
cells occurs in the neutrophils, it is obviously more correct to 
express the enzymic activity in terms of the number of neutrophils 
present as opposed to the number of leukocytes present. Therefore, 
in this study, the lymphocytes were removed from the cell population 
before alkaline phosphatase activity was determined by a biochemical 
method of assay. However the results are still expressed as enzymic 


activity per the number of granulocytes present, rather than the number 
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of neutrophils, since eosinophils and basophils were not removed be- 
fore assay. 
2. Inhibitors of alkaline phosphatase 

In 1963, Fishman reported that L-phenylalanine acted as an organ 
specific and stereo-specific inhibitor of intestinal alkaline phos- 
phatase. Since that time, the use of specific inhibitors has become 
popular as a means of differentiation between various multiple forms 
of human alkaline phosphatase. 

Patterns obtained upon heat inactivation and urea inhibition have 
been employed to establish the presence of certain multiple forms of 
alkaline phosphatase but urea was reported to produce different in- 
hibition patterns depending on the concentration used (Bahr and Wil- 
kinson, 1967). Levamisole was reported to inhibit liver, kidney and 
bone forms of alkaline phosphatase, but not intestinal and placental 
forms (Van Belle, 1976). Various amino acids have also been studied 
as inhibitors of alkaline phosphatase. Fishman and Sie (1970) reported 
that L-homoarginine strongly inhibited bone and liver alkaline phos- 
phatase, but had no effect on the enzyme from placenta or intestine. 
In 1977, Doellgast and Fishman studied the inhibition effects of L- 
leucine and tripeptides which contained L-leucine. They reported 
that when L-leucylglycylglycine was used, placental alkaline phospha- 
tase was strongly inhibited but that inhibition of the intestinal 
isoenzyme was weak. This was an important discovery because in all 
of the above cases the placental and intestinal forms reacted very 
similarly and it was therefore difficult to differentiate between 
them. Mulivor, Plotkin and Harris (1978) developed this point further 


and presented a scheme which allowed easy differentiation of the three 
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human isoenzymes of alkaline phosphatase (liver/kidney/bone, intes- 
tinal and placental) based upon the clear-cut inhibition patterns 
exhibited by each in the presence of L-phenylalanine, L-homoarginine, 
L-leucine, L-leucylglycylglycine and L-phenylalanylglycylglycine. 

The procedure of Mulivor et al (1978) was employed in this study 
to determine which of the three patterns granulocyte alkaline phos- 


phatase exhibits. 
Be METHODS 


A random selection was made from whole blood units which had been 
freshly drawn at a regular Red Cross blood donor's clinic. No infor- 
mation concerning the age or sex of the donors was available. Each 
unit contained 63 mL of citrate-phosphate-dextrose and 450 mL + 10% 
of whole blood. A 10 mL aliquot from each unit was drawn into a 
Vacutainer tube which contained heparin. A volume of 20 uL was re- 
moved and suspended in 10.0 mL of Isoton. Two drops of Zap-oglobin 
was added and a white cell count performed on a Coulter Counter Mode] 
B. A blood smear was also prepared from each specimen. 

The granulocytes and mononuclear cells were isolated from the re- 
mainder of each sample as outlined in Chapter Two. The mononuclear 
cell layers from several samples were removed, pooled and frozen at 
-20°C until butanol extractions were performed. Each granulocyte 
pellet was resuspended in 2.5 mL of !soton and a smear was prepared. 
A Wright's stain (see Dacie and Lewis, 1975) was performed on both 
the whole blood and granulocyte pellet smears and the proportions 
of granulocytes and mononuclear cells were determined microscopi - 


cally. A further 1/100 dilution was made in 10.0 mL of Isoton and a 
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white cell count performed as outlined above. The initial granulo- 
cyte suspensions were centrifuged for 10 min at 2400 rpm and the pellets 
resuspended jim .0 ml oof 10.0 mM TRIS/HCI,, DH /.6, which contained. 1.0 mM 
MgCl. and 0.1 mM ZnCl,. Butanol extractions were performed on the 
cell suspensions as outlined in Chapter Two, and the extracts were 
Prozeneatys20 Counti | assayed. 

All assays for alkaline phosphatase activity were performed in 


0.78 M AMP buffer, pH 10.3, which contained 1.5 mM MgCl essentially 


9? 
as outlined in Chapter Two. A concentration of 10.0 mM pNPP and a 
sample volume of 50 ul was employed in all cases. Protein content 
was quantitated as outlined in Chapter Two. 

ror wene, inno tton studies. 20 mL tor a stock solution Of an lapprop- 
riate inhibitor was added to 1.0 mL of a 10.0 mM pNPP solution in 0.78 M 


AMP phe l0O.35 which contained 125 mM) MaCl The inhibitors employed 


5° 
and their resultant concentrations were: 1.0 mM L-phenylalanyl- 
glycylglycine (PGG), 2.5 mM L-phenylalanine (Phe) and 10.0 mM L-homo- 
arginine (Hrg). The reaction was initiated by addition of 50 wl of 

a butanol extract of a granulocyte or lymphocyte suspension. The rate 
Ofulvdrolysis of oNPP in the presence of the inhibitor was measumed 
spectrophotometrically at 404 nm. The remaining activity in the pres- 
ence of inhibitor was expressed as a percentage of the original activ- 
Liyaimethe absence.of the inhibitor. sFitteen butanol extractsswere 
chosen in order to include a range of enzymic activity from 9.8 - 

34.8 mu/10/ granulocytes. Measurements were repeated at least once 
with good agreement. 


The lymphocyte pools were thawed, had butanol extractions performed 


on them, and were then used in the same manner as the granulocyte butanol] 
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extreetse for inhibition studies. 

A similar protocol was employed using crude butanol extracts 
of human liver, placenta and intestine. Alkaline phosphatase which 
was purified essentially as outlined by Seargeant and Stinson (1979) 
from human liver, placenta, intestine and neutrophils was also studied. 
Measurements with each inhibitor were repeated at least five times 
in order to determine a range of results for each type of enzyme 


tested. 
G, IRESUILIS 


1. Determination of granulocyte alkaline phosphatase activity 

The white blood cell count and the percentage of granulocytes 
which appeared in the differential cell count were used to calculate 
the number of granulocytes present in the original 10 mL of whole 
blood. The mean results of fourteen smears prepared from the sus- 
pensions of isolated granulocytes revealed the following composition: 
granulocytes-90%, mononuclear cells - 2%, erythrocytes - 8%. There- 
fore, the white cell populations which were counted were assumed to 
have a granulocyte purity of 98%. In this manner the absolute num- 
ber of granulocytes which underwent extraction with butanol could be 
determined. This value, as well as that of the original number of 
qramulocytes present, was “then used tovcalculate the percentage or 
granulocyte recovery during the isolation procedure. These figures 
all appear fin Table IX. * Examination’ of the data reveals thats there 
is great variability within each set of values. A scatter plot and 
regression line for the data appear in Figure 5. A coefficient of 


correlation of -0.12 (p > 0.1) was calculated which indicates that 
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Table IX Recovery of isolated granulocytes 


Specimen Granulocytes in Granulocytes in Granulocyte 
number 10 mL whole blood resuspension of pellet recovery 
(x 107) (x 167) (%) 
| 3.30 Phe 73 
2 3.45 PGA 66 
3 She iO) 205 62 
4 She Ie) 1.65 55) 
5 4.97 3.03 61 
6 3) 515) los 58 
7 Eine) 2.65 50 
8 Z| 52 ii = 7g) 67 
5) a I oSIS) 47 
10 UY Pal lew.6 4| 
1] 3.49 1.83 52 
12 4.34 2.96 68 
13 7h HWS) 1.45 67 
14 73S ¥72 Ps eye) 87 
15 2s 2.39 87 
16 Deje lows 64 
17 3.67 Pb, SHS) 65 
18 4.16 25D 61 
19 3.48 Zo as 67 
20 2.33 Joly 50 
2) 4.6] Des If} 59 
Ze Dae i) 2 55 
723} 3.67 1.65 4S 
24 4.56 2.98 65 
25 B95 Jo NS 80 
26 72. (Nie) ho WE 53} 
27 Sh (87) Ph, 7A 58 
28 Sohsi Ia 3ke 35 
ES) Seog 2.88 yf 
30 4. 33 aS) 46 
31 4.87 De Sif 53 
32 7aeio\O) 1.48 59 
33 So || 7h 'sy3} 50 
34 4.42 2.63 60 
35 44s Pg WE 48 
36 Zaz 0.98 sfS) 
37 1.58 0.90 Dy, 
38 ts )7/ 1.76 89 
39 2.04 il a Sis! 75 
4o 2.88 DAS} 77 
4) ol 57 2.68 i> 
42 raphe 1.90 86 
43 2.76 1.32 48 
4k 3h3 7S) 2232 74 
4S 253i 1.65 71 
46 1.68 ire 2al 72 
47 2.28 1.42 62 
48 2.04 1.40 69 
4g 4.09 2.96 We 
see 2.62 2.00 16 
aes ED Bho SWes!! 5 Ol0) 2.0+0.60 62413 
Awe 30% 29% 21% 


ee — 


a Based on the white cell count and the % granulocytes which appeared in 
the differential cel] count. 

b The absolute number of granulocytes was represented by 98% of the total 
cell count for the suspended pellet obtained upon Lymphoprep separation 
due to 2% contamination by lymphocytes. 

e Represented by Granulocytes in resuspension of pellet 

ste = XS 
Granulocytes in whole blood 
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Figure 5. Relationship between the number of granulocytes present 


in the original sample and the percent recovery values 
A correlation coefficient of -0.12 (p > 0.1) was calculated which 
indicates that there is no significant correlation between the num- 
ber of granulocytes present in the original 10 mL of sample and the 


percentage of granulocytes recovered during the isolation procedure. 
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there is no significant correlation between the original number of 
granulocytes present and the percent recovery values. 

The alkaline phosphatase activity in each butanol extract, as 
well as the activity related to the number of granulocytes which 
underwent extraction, appears in Table X. Again great variability 
is apparent, this time amongst the values of activity per mL of 
butanol extract (c.v. = 46%), although this variability is slightly 
reduced when the activity is expressed per 10/ granubecytes (e.v.. = 
36%). The alkaline phosphatase activity in the granulocyte butanol 
extracts was plotted against the number of granulocytes present. 

An apparently random distribution was the result, and a correlation 
coerficient of -0.09 (p > 0.1) was-obtained. Therefore the level of 
alkaline phosphatase present in each butanol extract seems to be in- 
dependent of the number of granulocytes which underwent extraction. 

A protein determination was also performed on each butanol 
extract. Results ranged from 0.5 to 2.5 mg. Since the smears of 
the granulocyte suspensions revealed erythrocyte contamination of 
only 8% on a cellular basis, the protein concentrations could be 
related to the granulocyte counts. The scatter plot and regression 
line obtained when the number of granulocytes was plotted against 
the protein concentration appears in Figure 6. The coefficient of 
correlation is 0.60 (p < 0.001). Since the correlation between the 
two values is highly significant the conversion factor for changing 
the number of granulocytes.to.mgiprotein.is represented by the. slope 
of the curve, which is 0.36. Inasmuch as 10/ granulocytes corres- 


pond to 0.36 mg of protein, the enzymic activity expressed per mg of 
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Table X Alkaline phosphatase activity im normal granulocytes 


Specimen Activity in Activity per 
number butanol extract 3 107 granulocytes i 
(U/mL) (mu/10/ granulocytes) 

}* 0.050 ZORy) 
2% 0.032 14.) 
3% 0.036 lies 
Bee OO 22 INSho S) 
5 0.050 overs 
6 Om025 1310 
7 0.037 ee) 
8 0.031 eho 2 
go 0.03) 25.6 
10 0.050 28.4 
1] 0.018 9.8 
12* 0.052 les 
13% 0.024 16.6 
14 0.050 19.8 
15 0.033 sero 
16% 0.017 Ses 
17* 0.039 16.3 
18 0.041 16.1 
19 0.031 13.3 
20 0.020 fol 
21 0.040 We 
ea 0.025 15.4 
23 0.042 DS) 5 
24 0.075 FEY 
25 0.056 fats 
26 0.023 19.8 
Zi) 0.054 24.2 
28 0.039 30.0 
29* 0.068 23.6 
30 0.030 Sia! 
31 0.060 23.3 
32 0.038 Zr, 
38) 0.035 13.8 
34 0.055 20.9 
35 0.032 50) 
36% 0.020 20.4 
37 0.025 Po ool 
38 0.064 36.4 
39% 0.044 28.8 
4o 0.033 14.8 
42 0.029 Nias! 
43x 0.014 10.6 
4h 0.036 2s 
4s 0.017 HOes 
46% 0.032 26.4 
47 0.047 33.1 
48 0.017 zee 
4g 0.100 33.8 
50 0.027 she 5 

ae Sel) 0.039+0.018 19.4+6.9 
Ge Whi 46% 36% 


ee eee nat EEE Tn UEEEII ESERIES EI IIREIRERRE EREEEERERE EERE 


a One unit of enzyme activity corresponds to one ymol of substrate 
hydrolyzed/min at 30°C. 

b Butanol extracts were prepared from isolated granulocytes. 
The number of granulocytes present in the pellet which underwent 
butanol extraction was determined in Table VIII. 
Specimens which were chosen for inhibitor studies (see Figure 7). 
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Figure 6. Relationship between the number of granulocytes present 


and the protein concentration 
A. correlation coefficient of 0.60 (5 < 0.001) was calculated which 
indicates that there is a highly significant correlation between 
the number of granulocytes which underwent extraction with butanol 


and the concentration of protein in the aqueous solutions of the 


butanol extracts. 


74 


( ‘Or x) sertchiaead 


INSTI ao syoslusirs 4a ASOMUN ott peeheped, alia mae + * 9) 


io fitw Werelsatws caw (to0,o ‘g v2. © Ya ies 

negniad nglaeienriep Hues iets oy ligt s . mene 
aR a ell cies 
. npit mere neo) 


= 


i> 


protein may be obtained by multiplying the values of activity per 


7 


10° granulocytes by a factor of 2.78. Results were expressed in 


this study as activity per 10/ 


granulocytes since quantitation of 
activity by cytochemical methods) is at wrcel lular levell and it is 


the level of enzyme per cell which correlates best with disease 


states (Wilson et ial, 1981). 
2. Inhibitors of granulocyte alkaline phosphatase 


The patterns obtained for each purified alkaline phosphatase iso- 
enzyme when L-phenylalanylglycylglycine (PGG), L-phenylalanine (Phe) 
and L-homoarginine (Hrg) were used as inhibitors appear in Pil gue w 7. 
It is evident that each isoenzyme exhibits a characteristic pattern. 
The patterns obtained with crude butanol tissue extracts were vir- 
tually identical to the patterns of their purified tissue counter- 
parts with the exception of the intestinal enzyme. In this case a 
mixed inhibition pattern was obtained for the crude extract. How- 
ever, upon heating, the interfering substance was inactivated and 
an intestinal pattern of inhibition was obtained. 

Fifteen crude extracts of granulocytes were chosen as indicated 
in Table IX. The results obtained when the extracts were tested with 
the inhibitors also appear in Figure 7. The pattern displayed is 
practically identical to that of the liver alkaline phosphatase. It 
is also evident that granulocytes contain a homogeneous alkaline phos- 
phatase population since a mixed pattern of inhibition was not obtain- 
ed. In addition, there was no evidence that variations in the level 
of alkaline phosphatase present in the granulocytes are related to 
variations in the type of isoenzyme present since the same pattern 


was obtained from extracts which contained a wide range of alkaline 
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Figure 7. Inhibition patterns of human alkaline phosphatases 


Inhibition patterns of alkaline phosphatases using L-phenylalany]- 
glycylglycine (PGG), L-phenylalanine (Phe) and L-homoarginine (Hrg) 
as inhibitors. Results are expressed as the percentage of original 
activity remaining in the presence of each inhibitor. Bars indicate 
the range obtained for each purified enzyme repeated five times and 


the range for duplicate measurements of 15 crude extracts of granulo- 


cytes. 
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phosphatase levels. The pattern obtained from alkaline phosphatase 
purified from human neutrophils was virtually identical to that of 
the crude granulocyte extracts. 

Butanol extracts of five different lymphocyte pools were also 
tested with the inhibitors. The mean values and ranges of the per- 
centages of remaining activity were as follows: PGG = 96% (Range 
=O2 = 99), Phe = "92% "(Range ="84°="98) “and Hird ="32% ARande = 24 - 
Hl) * Again this isa pattern Similar to that of the liver isoenzyme 
although It is'diftricdl t to evaluate the validity er these ‘results 
for two reasons. Firstly, the alkaline phosphatase activity in the 
lymphocyte pools was very low. The activity after inhibition 
therefore was also extremely low and poor curves were obtained which 
made measurement difficult. This is probably the explanation for 
the larger ranges of remaining activity. Secondly, the purity of 
the lymphocyte population used is of utmost importance since lympho- 
cytes contain only very small amounts of alkaline phosphatase and 
contaminating granulocytes contain large amounts. Although the 
lymphocyte populations were estimated microscopically to be 95% 
pure it is virtually impossible to determine whether the activity 
whech rs detected I's really that of the Tymphocytes*or Pret 1s 
that of contaminating granulocytes. This problem could probably 
be alleviated by use of a better cell separation technique such as 


cellular affinity chromatography or cell sorting. 
De DISCUSSION 


As previously mentioned the majority of alkaline phosphatase in 


white blood cells is present within the granulocytes. When a cyto- 
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chemical method of assay is employed alkaline phosphatase activity 
is determined only in mature neutrophils and the results are semi- 
quantitative. When a biochemical method of assay is employed, 
activity is quantitated. Thus, in the former case the proper 
population is studied but quantitative results are not obtained and 
in the latter case, activity is quantitated. However biochemical 
assays in the past were used on mixed leukocyte populations with 
variable proportions of each type of white blood cell. 

lt seems desirable to use a quantitative method since reports 
have indicated that cellular levels of neutrophil alkaline phos- 
phatase vary in different physiological conditions. For example, 
Welson et al (1981) reported a quantitative decrease in alkaline 
phosphatase per neutrophil in cases of chronic granulocytic leu- 
kemia, and an increase in level per cell during pregnancy. There- 
fore a biochemical method of assay would seem the better choice, 
but erroneous results could be obtained if this method were used on 
a general leukocyte population which contained either a high pro- 
portion of lymphocytes compared to granulocytes, or lymphocytes 
with abnormally high activity. The latter possibility has recently 
been reported by Flemans et al (1980) but has not been confirmed 
by other investigators. A biochemical assay on a population of 
granulocytes would thus seem the most desirable method and was 
therefore the one employed in the present investigation. The 
addition of a cell separation step did not add significantly to 
either the length or complexity of the procedure and a granulocyte 


population of 98% purity was obtained. 
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If, as is common practice, the reference range is considered 
to be + 2 S.D. either side of the mean, then the reference range 
of alkaline phosphatase activity in granulocytes in this study 
would be 5.8 - 34.2 mu/10/ granulocytes. Although this range 
seems extraordinarily wide similar results have been found in a 
number of other investigations. Valentine and Beck (1951) reported 
a range.o7 13-5 - 50.6 mq of phosphorous |iberated/hr by ion 
leukocytes. Meislin et al (1959) found a range of 0 - 160 mg of 
phosphorous liberated/hr by Ole leukocytes. The extent of the 
range of values detected in the normal population can most likely 
be explained in terms of the following set of observations. Rosner 
and Lee (1965) reported a significant difference in leukocyte 
alkaline phosphatase levels between the sexes: premenopausal women 
exhibited levels up to 50% greater than men (a mean leukocyte 
alkaline phosphatase level of 35 as opposed to 23 mq phosphorous 
liberated/hr by os leukocytes) while post-menopausal women and 
men of 65 years or over displayed similar levels. Additionally, 
children contained considerably higher levels of the enzyme than 
adults (a mean level of 68 mg phosphorous liberated/hr by en 
leukocytes), although no sex difference was apparent in the case 
of children. A study by Diamant and Polishuk (1979) proposed the 
use of levels of leukocyte alkaline phosphatase determined cyto- 
chemically as an indicator of ovulation. They reported an in- 
crease to approximately five times the basal level upon ovulation, 


indicating that levels of leukocyte alkaline phosphatase vary sub- 


stantially during the menstrual cycle. They suggested that early 
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in the cycle estrogens cause an increase in activity and that later 
progesterone inhibits the response of leukocyte alkaline phosphatase 
to the estrogens. Macaraeg et al (1968) reported that oral contra- 
ceptive agents also elevated leukocyte alkaline phosphatase scores. 
Levels have also been reported to fluctuate in situations of stress 
SUG a5 Surgery, infection, of imjectiom or adrenocort corropin oF 
steroid hormones (Valentine and Beck, 1951; Valentine et al, 1954). 
As previously stated the blood samples used in the present study 
came from donors of unknown age and sex so that wide variations 
might well be expected. 

The inhibition patterns obtained for both the crude and purified 
extracts of alkaline phosphatase from granulocytes are identical to 
that of liver and are distinctly different from the intestinal and 
from the placental pattern. 

The liver form of alkaline phosphatase is known to be L-phenyl- 
alanine stable, inhibited by urea and intermediate in terms of heat 
lability. The skeletal form is similar except for its marked heat 
lability. Conversely the placental form is inhibited by L-phenyl- 
alanine, only partially inhibited by urea and is heat stable. The 
intestinal form resembles the placental enzyme except that it has 
an intermediate heat lability. 

Several studies have been performed on leukocyte alkaline phos- 
phatase which allow its placement in the above scheme. Heat lability 
of leukocyte alkaline phosphatase has been detected in several studies 
(Bottomrey et al, 19695 Tangheron) et al, "19/1; Diamant etal” 1970; 
Pidalay and Jonistom, (9/7; Wilson eu al, PSS eer ahi oi tron oT 


enzyme activity in leukocytes by urea was reported by Tangheroni et al 
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(1971) and Findlay and Johnston (1977). Several reports have also 
been made of the stability of leukocyte alkaline phosphatase in 

the presence of L-phenylalanine (Tangheroni et al, 1971; Findlay and 
Johnston, 1977; Wilson et al, 1981). “Oni the basis of all of these 
reports it is evident that the alkaline phosphatase present in leu- 
kocytes resembles the hepatic and skeletal forms of the enzyme, 

and behaves differently from the intestinal and placental forms. 
Findlay and Johnston (1977) claimed that the leukocyte enzyme was 
indistinguishable from the skeletal enzyme on the basis of electro- 
phoretic studies. Although Wilson et al (1981) reported that the 
behaviour of alkaline phosphatase within the neutrophils was similar 
to that of the hepatic and skeletal forms, they also reported the 
detection of alkaline phosphatase activity on the external surface 
of the plasma membrane of the neutrophils which had properties char- 
acteristic of the placental isoenzyme. This is the only report to 
date of such activity. Certainly in the present investigation, 

no evidence of a mixed pattern of inhibition was exhibited which 
should have been the case if two isoenzymes were present in the 
extracts. 

Based on studies of peptide mapping, immunological specificity 
and lectin-binding affinity (McKenna et al, 1979; Seargeant and 
Stinson, 1979; Sussman et al, 1968; Lehmann, 1980) it is now known 
that three structural genes code for alkaline phosphatase. The 
three gene Sera ue formed are the intestinal, liver/kidney/bone, 
and placental isoenzymes. When differential inhibition studies 


were used to detect the presence of alkaline phosphatase isoenzymes, 
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it was clearly indicated that granulocyte alkaline phosphatase is 
the product of the same gene which codes for the liver, kidney and 


bone forms of human alkaline phosphatase. 
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CHAPTER SIX 
General Discussion 


The majority of alkaline phosphatase activity of leukocytes 
was found within the neutrophil population in the present study. 
Unfortunately, conclusive confirmation of the presence of alkaline 
phosphatase within normal lymphocytes was not obtained since con- 
tamination of the lymphocyte population by neutrophils of approx- 
imately 5% on a cellular basis occurred. Nevertheless, it is valid 
to conclude that if the enzyme is present in lymphocytes, it is at 
very low levels. Since no evidence of a mixed pattern of inhibition 
was obtained when the contaminated lymphocyte population was studied 
with specific inhibitors, it would perhaps appear that if lympho- 
cytes do normally contain alkaline phosphatase it is the same gene 
product as the enzyme present in neutrophils. However, the possi- 
bility of a different form of the enzyme being present in too low 
a concentration for detection cannot be ruled out. Studies of larger 
and purer lymphocyte populations are required to clarify this issue. 

These studies could not substantiate the existence of an unique 
alkaline phosphatase which is incapable of cysteamine-S-phosphate 
hydrolysis and acts as a marker for lymphoproliferative disorders. 
Ectopic production of alkaline phosphatase has been detected in 
several neoplastic proliferative disorders and the enzyme produced 
has often resembled the placental form of the enzyme. In this study 
it was found that the placental form of alkaline phosphatase had the 
lowest K value for CASP of all the human multiple forms. Therefore, 


one might expect that an alkaline phosphatase from neoplastic tissue 
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would utilize CASP better than other forms of the enzyme. 
On the other hand, the intestinal form of alkaline phosphatase 
had the highest ie value for CASP. If a serum contained a large 


proportion of intestinal alkaline phosphatase and the hydrolysis 


of CASP was measured at a substrate concentration equal to the enzyme's 


K_ value (as done by Neumann et al, 1979) the rate of CASP hydrolysis 
would appear decreased. By contrast, if a CASP concentration which 
was saturating for the enzyme was used the rate of hydrolysis would 
appear normal. Perhaps the apparent inability of alkaline phospha- 
tase in the sera of patients with lymphoproliferative disorders to 
hydrolzye CASP which was reported by Neumann et al (1979) was due 
to an increase of one particular form of the enzyme such as the in- 
testinal, rather than the presence of an unique form of alkaline 
phosphatase. Further investigations are needed in order to assess 
the prevalence of alkaline phosphatase production in lymphoid neo- 
plasms and to characterize the alkaline phosphatase in cases where 
it iso produced: 

The clinical importance of alkaline phosphatase activity in neutro- 
phils has been recognized for several decades and a cytochemical 
stain for this activity has been part of the routine hematology 
methodology for many years. However, as previously mentioned the 
results using this type of method are semiquantitative and, perhaps 
mores importantly, subjective.» Thesfuturestrendewild likely bey to- 
wards amore accurate and reproducible procedure such as a biochem- 
ical assayveon aepopulationsor neutiropnivyictes Used  inetaistinvesti> 
gation. 


The method of granulocyte isolation used in this study involved a 
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dextran-mediated sedimentation of erythrocytes followed by centri fu- 
gation of the plasma on a discontinuous density-gradient. Both pro- 
cedures are simple and are suitable for a routine procedure. The 
Wright-stained smears of the suspensions of isolated granulocytes 
revealed little contamination by either mononuclear leukocytes or 
erythrocytes which was supported by the good correlation between 

the protein values and granulocyte counts. Once neutrophil isolation 
is accomplished one can easily envisage adaptation of butanol ex- 
traction and assay of alkaline phosphatase activity to an automated 
procedure. 

Based on the alkaline phosphatase activity in aqueous solutions 
of butanol extracts of granulocytes from fifty healthy individuals 
inetiis studyjdtheameansto2? SeDgtwase548a- 34.2 ob bO% granulocytes. 
Although this degree of variation is unusual for a reference range 
it is understandable in view of the influences of age and sex on 
the levels of neutrophil] alkaline phosphatase. 

lt was found in the present investigation that each of the three 
known isoenzymes of human alkaline phosphatase could easily be iden- 
tified through the use of only three inhibitors. Two points are 
apparent from these kinds of studies on granulocyte alkaline phos- 
phatase in both a crude and purified form. Firstly, granulocytes 
appear to contain a homogeneous population of alkaline phosphatase 
since a mixed pattern of inhibition was not detected. Secondly, 
granulocyte alkaline phosphatase appears to be coded for by the same 
gene as the liver/kidney/bone group of human alkaline phosphatases. 

The use of the inhibitors employed in the present study offers an, 


easy, straightforward procedure for identification of different gene 
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products of human alkaline phosphatase. The most commonly employed 
procedures in the past have been the determination of heat stability, 
L-phenylalanine inhibition and electrophoresis which must be used 

in combination in order to clearly differentiate between the three 
gene yoroduct, possibilities. By contrast, wasing the inhibitors, a 
clear-cut identification of each of the three types can be made on 
the basis of only four assays which is far less complex and time- 
consuming than the more popular methods. 

The simplicity of the procedure employed in the present study 
makes the use of specific inhibitors attractive for such things as 
confirmation of variations in level, rather than form, of alkaline 
phosphatase in neutrophils in such conditions as pregnancy and 
chronic myeloid leukemia or identification of gene products of 


alkaline phosphatase which are produced in certain maliaqnancies. 
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APPENDIX I 


Criteria Tor’ Diagnosis of Disorders Included in this Study 


The diagnosis of each disorder included in this study was reached 
on the basis of the presence of the following findings as well as an 
appropriate clinical picture: 

Lymphomas - based on pathological findings in lymph node biopsies. 
Further classification could be made on the basis of a 
"starry sky'! appearance in Burkitt's lymphoma or the 
presence of Reed Sternberg cells in Hodgkin's disease. 

Myeloma - the presence of a monoclonal protein, plasmacytosis 


of the bone marrow and appropriate radiological 


findings. 
Cancers - based on pathological findings in tumour biopsies 
Leukemias - based on findings as outlined in the FAB classifi- 


cation of acute leukemias (Bennett et al, 1976) 


Infectious 
mononucleosis- the presence of a heterophil antibody. 
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